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SUMMARY 


The  total  environmental  aspects  of  Ground  Effect 
Machines  (OEMs)  operated  on  a  world-wide  basis  are  examined 
In  detail.  The  "natural ”  environment  describing  terrain, 
beaches,  sea  states  and  climate;  the  "induced”  environment 
covering  noise,  spray  and  vibration;  and  the  "combat " 
environment  Including  vulnerability.  Infrared  emanation  and 
radar  reflectivity  are  Investigated  sufficiently  to  de¬ 
termine  their  Influence  on  the  basic  design  requirements 
and  operational  parameters  of  the  over-all  OEM  system. 

Within  the  framework  of  the  latural  environmental 
elements  a  classification  of  OEMs  lb  developed.  This 
classification  covers  marine,  overland,  and  amphibious  GEM 
operations.  In  each  of  these  categories  vehicle  sizes  and 
operating  heights  and  areas  of  utilization  are  Included. 

Por  all  classes  of  OEMs  the  specillu  effects  of  the 
Induced  and  combat  environments  are  dlscusced.  Finally, 
typical  performance  capabilities  and  equipment  requirements 
based  on  the  total  operating  environment  are  developed  for 
each  class  of  OEMs. 
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CONCLUSIONS 


1,  The  elements  of  nateval  environment  most  significant 
for  marine  JEM  operations  are  wave  heights,  sea  ice,  and 
wind  speeds. 

(a)  GEM  operations  will  generally  be  most  favor¬ 
able  in  latitudes  below  50°.  They  will  probably 
be  operable  from  90  to  100  per  cent  of  the  time 
in  this  region. 

(b)  GEM  operations  in  oceanic  areas  in  latitudes 
above  40°  will  be  severely  limited,  and  in  some 
parts  rendered  Impossible  b;'cau8e  of  the  preva¬ 
lence  of  gale-force  winds  and  high  seas.  In  ad¬ 
dition,  superstructure  icing  or  hummocked  sea 

ice  will  have  a  significant  Influence  on  operations 
in  some  areas  during  the  winter. 

2.  The  elements  of  natural  environment  most  signifi¬ 
cant  for  overland  GEN  operations  are  slopes  of  the 
surface  terrain,  widths  and  bank  condltloitS  of  stream 
valleys,  and  heights  of  solid  terrain  objtec?SB. 

(a)  OEMs  will  have  a  significant  advantage  over 
other  ground  vehicles  beoauow  '  ^^elr  capability 
to  utilize  stream  valleys  and  Inland  waterways 
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as  access  routes.  Venlcle  widths,  however,  will  be 
limited  to  30  .febt  fcr  operation  >>n  75  cent  of 
the  world's  streams. 

(b)  A  continuous  operating  height  of  two  feet  will 
be  needed  for  general  overland  operations,  and  a 
minimum  Jump  capability  of  four  feet  will  be  needed 
to  cross  walls,  dikes,  and  rail  embankments. 

(c)  Capability  to  surmount  a  five-foot  vertical 
bank  will  be  needed  for  access  to  and  from  stream 
valleys. 

(d)  A  slope  capability  of  30  per  cent  at  low  speed, 
and  13  per  cent  at  normal  speed,  will  be  needed  for 
most  overland  operations. 

(e)  Operating  speeds  will  be  limited  to  about  30  to 
40  knots  on  rivers  because  of  control  power  require¬ 
ments  to  traverse  bends. 

(f)  Cross-country  speeds  will  be  limited  by  ob¬ 
stacles.  Further  study  Is  required  li.  .his  arn^, 

(g)  About  30  per  cent  of  the  over-all  land  area  of 
the  world  Is  available  for  overland  oi>eratlons. 

Hie  best  area  usability  for  a  given  else  vehicle 
based  on  the  present  state -of -r,iib  >  ‘  la  about  35 
per  cent  of  the  world  la.i'1  area. 
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T>.;;  elements  or  natt:ral  environment  most  significant 
for  amphibious  GEK  operations  are  surf  conditions, 
chaiacterlstlcs  of  beaches  and  coastal  stream  valleys, 
and  coastal  terrain  o’- J true t Ions, 

(a)  Operating  heights  will  be  determined  primarily 
by  the  requirement  to  traverse  the  surf  zone. 

Work  donc=  to  date  Indicates  that  an  operating  height 
of  four  feet  will  allow  operation  on  a  year-round 
basis  on  70  per  cent  of  the  world's  coasts  (stozia 
conditions  not  Included).  Full-scale  experlnMntal 
data  are  needed  to  Justify  final  design  parameters. 

(b)  Operating  heights  for  clearance  of  land  ob¬ 
stacles  will  be  two  feet  for  nozval  operations 
with  a  fotir-foot  Jump  capebillty. 

(c)  Slopes  of  beaches  are  not  generally  over  13 
per  cent,  but  beach  widths  limit  lateral  dimensions 
01  thr  vehicle  to  about  50  feet  for  unloading  above 
the  high  water  line  on  the  majority  of  the  world's 
beeches. 

(d)  Coastal  stream  valleys  provide  an  Important 
inland  access  route  for  OEMs.  Vehiclti  widths  will 
be  l*.£Uted  to  40  feet  for  operation  on  70  per  "cnt 
01  Roeetel  atre«M* 


(e)  About  70  per  cent  of  the  world's  coastline, 
excluding  Antarctica,  Greenland,  and  the  North 
American  Arctic  Islands  above  77°  North  Latitude, 
is  accessible  to  OEM  amphibious  operations.  About 
30  per  cent  of  Ihe  world's  near-coastal  land  areas 
are  accessible  to  OEM  operations  Inland  via  stream 
valleys  or  over  the  beach.  About  30  per  cent  of 
the  world's  coasts  are  not  suitable  for  OEM  op¬ 
erations  . 

4.  The  major  limitations  Imposed  on  OEM  operations  by 
the  Induced  environments  ai\d  combat  environments  are  as 
follows: 

(a)  Noise  Levels 

(1)  The  noise  level  anticipated  In  and  around 
the  OEM  la  auoh  that  conversation  will  re<iuire 
raised  voices  end  probably  shouting.  For  con¬ 
tinuous  and  effective  operation,  ear  protec¬ 
tion  and  cosamlcatlons  e<^pMsnt  similar  t  „ 

used  in  aircraft  operations  will  be 
highly  cesiruble, 

(2)  The  nolee  level  et  eppreclebls  distences 
from  e  OBI  will  depend  largely  on  the  design 
of  the  vehicle  intake  end  exhauev  wyetema. 
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If  the  low  frequency  portion  of  the  noise 
spectrum  csn  be  eittenuated  tx  the  vehicle, 
detection  will  be  difficult  beyond  1000  yards. 

If  this  Is  not  fe  4ilble,  detection  will  probably 
start  at  about  23OO  yards. 

(b)  Visibility 

(1)  The  visibility  from  a  OEM  will  be  severely 
limited  when  the  vehicle  Is  hovering  or  operating 
at  low  speed  over  loose  surfaces,  such  as  sand, 
gravel,  dry  soil,  snow,  anA  water.  This  situa¬ 
tion  Improves  rapidly  as  forward  speed  la  In¬ 
creased,  altltottgh  visibility  rearwards  may  still 
be  a  problem. 

(2)  The  cloud  of  particles  surrounding  a  QIN 
at  hover  or  low  speed,  or  tailing  a  QBN  at  high 
speed,  auy  serve  as  a  very  distinct  signature  of 
Its  presence • 


(0) 


Relnmestlon  of  the  Woswntup  Air,  and 

gntralnec  wHoles 


The  momentum  curtain  air  dlaolukrgad  under  the 
velilcle  periphery  recirculates  to  sosm  degree 
In  the  hover  condition  and  at  low  speeds. 

This  reolrcui«ting  air  stroom  wiatIss  with  it 
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particles  of  surface  oaterlals,  that  pass 
through  the  lift  aysten  and  .4ie  power  unit, 
with  the  following  conse<ittenees: 

(1)  Erosion  of  the  engine  and  lift  systen 
rotors  and  stators  may  occur.  Erosion  Is 
worst  for  sand-type  materials.  Power  losses 
of  approximately  13  per  cent  have  been- ex¬ 
perienced  on  helicopters  and  can  be  antici¬ 
pated  on  GEKs. 

(2)  Corrosion  of  the  engines  and  lift  system 
and  the  vehicle  surface  will  occ\ar  In  all 
over-water  operations.  Ihls  is  most  serious 
In  a  salt-waier  environment.  Salt  encrusta¬ 
tion  of  rotor  and  stator  blading  of  the  engine 
and  lift  syst«ns  will  cause  loss  in  power  of 
up  to  20  per  cent  and  Increase  In  fuel  consump¬ 
tion  of  approximately  1.3  per  oent. 

(3)  Snow  and  Ice  will  accumulate  on  the  vehicle 
year-round  in  Arctic  and  Antarctic  operations 
and  in  the  winter  months  in  the  northern  two- 
thirds  of  Aale,  lUropa,  and  Mortr  America. 

Ihis  accumulation  oauaea  a  lost  of  vehlolt 
parfomanoa.  Mhan  tat  .*  ~'«‘<'ing  air  t«ai>a*a- 
turea  ara  ancountared,  the  mlat  ans)u*oudln8 
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the  mochlne  will  freeze  on  contact,  forming  a 
nsavy  load  of  glaze  Ice. 

(4)  The  i-eclroulatlon  and  general  distur¬ 
bance  of  sxu^face  material  will  make  servicing 
of  the  vehicle  difficult  while  It  Is  In  opera¬ 
tion.  end  will  require  protective  clothing  and 
equipment  for  ground  personnel  under  seme 
operational  conditions* 

5.  On  the  basis  of  performance  capability  and  utility, 
as  determined  by  the  world-wide  natural  envlronstental 
factors,  and  vulnerability  In  a  military  ooad»at  situation, 
a  rough  assessment  of  the  relative  merit  of  each  machine 
classified  for  overland,  amphibious  and  marine  operations 
Indicates  the  following  results: 

(a)  The  QB(  having;;  the  greatest  potential  for  over¬ 
land  operations  is  a  vehicle  with  a  planform  of  y> 
feet  by  6o  feet,  an  operating  height  of  three  feet, 
and  a  Jump  oapablllty  of  ilx  feet. 

(b)  Th«.  OSM  havlna  the  greatest  potential  fer 
■^>hlblous  operetlona  Is  a  vehicle  with  a  plan- 
form  of  50  feet  b>  100  feet,  e  norstal  operating 
height  of  three  feet,  e  maximum  operating  height 
of  five  feet,  and  e  Jump  cepeo^x.  .  'f  six  feet. 


(c)  The  GSM  having  the  greatest  potential  for 
marina  operations  In  the  open  ocean  Is  a  vehlule 
with  a  planfom  of  30  feet  by  100  feetj  a  normal 
operating  height  of  2  3  feet  and  a  maximum  operating 
height  of  four  feet. 

(d)  The  OEM  having  the  greatest  potential  for 
marine  operations  In  Inland  waterways  imd  coastal 
waters  Is  a  vehicle  having  a  planform  of  30  feet 
by  60  feet«  a  normal  operating  helBlit  of  1.3  feet, 
and  a  maxliaim  operating  height  of  2.3  feet, 

6.  Special  equipment  will  be  required  for  each  environ¬ 
ment  In  order  that  missions  may  be  accomplished  efficiently, 
and  maintenance  be  reduced  to  a  minimum.  Such  equipment 
must  be  determined  for  the  particular  envlronawntal  condi¬ 
tions  of  the  desired  missions  for  a  specific  vehicle,  and 
will  demand  additional  power  requlreatuits  or  a  reduction 
In  over -all  perfomance. 


RECOKK2NDATION3 


1.  nie  environmental  framework  for  Qround  Sffect 
Machines  developed  In  this  study  should  be  applied  x.o 
all  future  studies  and  programs  on  military  OEM  hard¬ 
ware. 

2.  Pull  scale  tests  should  be  conducted  on  OEM  op¬ 
erations  through  the  s'irf  sone.  Specific  data  are 
needed  on  the  required  relation  between  surf  condi¬ 
tions  end  vehicle  size  and  operating  height. 

3*  Experimental  data  should  be  obtained  on  the  maneu¬ 
verability  requlrMsents  for  OEMs  in  overland  cross¬ 
country  operatlone.  In  addition,  studies  of  OEM  maneu¬ 
verability  system  improvements  should  be  Initiated. 

4.  Further  i  tudy  la  recommended  in  the  folloalng  areas 
asso'^lated  with  the  induced  and  combat  environments  of 
OEMs: 


(4)  Noise 

Data  ar«  required  on  the  frequency  spectrum 
of  OEM  noise  and  the  effect  of  different  operating 
conditions  and  envlronmenta  on  tlte  r.ulse  level, 

(b)  Plow  Field 

Further  study  of  the  OEM  flow  field  is  re¬ 
quired,  particularly  the  relationship  between 
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ohtt  Qvobleaa  of  z^lnecstlon,  viBlblllty,  and  algaa- 
tur«,  and  QM  misoion  cnaracteriatics.  In  addition, 
davelopment  of  advancrf*  lif  t  axatens  and  othor  de- 
vi  63  for  reducing  tti^  affects  of  the  OEW  flow  field 
should  be  studied. 

(c)  Dynamic  Loada 

Accurate  and  reliable  analytical  data  should 
be  developed  for  the  dynamic  stressing  of  OEMs, 
parti r.ularly  in  over-water  operations. 

(d)  i-clng 

Specific  envlrordnental  data  on  OEM  Icing  prob¬ 
lems  should  be  obtained,  and  development  of  suit¬ 
able  de -icing  equipment  should  be  Initiated, 

(s)  Corrosion  and  Erosion 

Methods  and  materials  for  reducing  corrosion 
and  erosion  in  OEM  power  plants  and  lift  systems 
should  be  developed, 

(f )  Navigation  Equipment 

Navigation  equipment  partical*rly  suited  to 
OEMs  Bho'  id  be  developed.  This  includes  a  col¬ 
lision  warning  or  obstacle  avoidaince  radar,  auid 
simple  course  guidance  presentation. 
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(r)  Kadar  Cy  3s-Sectton 

Basic  design  critt^ria  should  be  developed 
for  minimising  the  radar  cross-section  of 
mllltar^r  QEMs^  partic'\..arly  for  over-water  op¬ 
eration  ^ 

3.  Optimization  of  vehicle  perfoxnance  and  design 
shoiild  he  car:  led  out  within  the  environmental  frame¬ 
work  developed  for  each  category  of  operations  -  over¬ 
land.  aiiQ)hlblous,  and  marine. 
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INTRODU^TICM 


The  significant  developiP'^ntB  of  the  past  few  years 
relative  to  the  ground  effect  phenomenon  have  eatabllshed 
the  around  Effect  Machine  (OEM)  as  a  practical  transporta¬ 
tion  vehicle  when  certalr  operational  limitations  are 
acceptea.  It  Is  the  purpose  of  this  report  to  outline  the 
various  operational  limitations  for  allltaxy  aEHs  and  to 
present  features  considered  essential  in  military 
appli cations . 

Since  military  vehicles  and  their  conponents  are  re¬ 
quired  to  operate  thro\ighout  a  wide  range  of  environments, 
their  design  must  prevent  functional,  opejratlonalfrand 
maintenance  difficulties  caused  by  extremes  of  these 
environments.  In  world-wide  operation  of  OEMs  these 
vehicles  are  subjected  to  the  following  three  types  of 
environment: 

(1)  Natural  environment,  such  as  climate,  terrain, 
vegetation,  sea  states,  beach  slopes  and  con¬ 
dition,  sea  approaches  to  coasts,  and  natural 
and  man-made  obstacles. 

(2)  Induced  environment,  such  ar  component - 
generated  high  temperatures,  static  electricity, 
vibration,  shook,  acceleration,  explosive  vapors, 
sound,  dust,  spray,  and  exhaust  gases. 
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(3)  Combat  environment ^  Including  the  elements  of 


detection,  vulnerability,  protection  agalxist 
damage,  and  field  repairs. 

Determination  of  the  inflt\ence  of  environmental  con¬ 
ditions  on  the  engineering  design  and  military  utilization 
of  QEBfs  is  a  necessary  first  step  in  the  determination  of 
structural  and  other  essential  design  criteria.  An 
evaluation  of  environment  is  also  essential  to  a  realistic 
appraisal  of  the  potential  of  the  OEM  for  mllitazy  operations. 

The  natural  environment  of  the  QKM  includes  all  the 
areas  and  conditions  under  which  this  type  of  vehicle  is 
required  to  be  operated.  This  will  encompass  not  only  the 
world-wide  variety  of  terrains,  but  also  the  full  scale  of 
climate  variations.  Including  the  specific  influences  cf 
temperature,  humidity,  wind,  and  icing  conditions. 

Average  sea-state  conditions  vary  with  the  seasons  and 
location.  For  obvious  reasons,  designs  for  military 
applications  must  consider  the  worse  conditions  anticipated. 
Depending  on  the  current  and  ocean  arse  Involved,  sea 
conditions  usually  affect  breakers  and  beaching  operations 
in  direct  proportion,  and  indicate  parameters  whioh  must 
be  considered  in  the  design  of  marine  ar.d  amphibious 
vehicles . 


Overland  operating  environment  includes  the  nature 
of  the  terrain  and  Its  surface  material  —  ranging  frtiB 
snow,  sand,  and  marsh  to  crush  areas,  ditches  and  ravines, 
and  built-up  areas.  An  impc..tant  consideration  for  military 
operations  is  the  terrain  slope  which  has  a  direct  Influence 
on  the  power  requirements.  For  some  cases,  consideration 
nnast  be  given  to  means  of  quickly  clearing  wooded  areas 
and  other  terrains  which  offer  obstructions  to  OEM 
operations . 

Climatic  Influences  have  a  strong  effect  on  QEH 
vehicles.  The  effects  of  teD5)erature  and  humidity  on  the 
Internal  flow  system  and  power  plant  must  be  known.  In  the 
presence  of  winds,  provision  must  be  made  for  adequate 
control  of  power  to  maintain  the  desired  track. 

The  Induced  environment  of  the  GEM  Is  the  effect 
created  by  the  operation  of  the  vehicle,  on  Itself  and  on 
the  surrounding  area,  Including  personnel  within  or  close 
to  the  vehicle.  Two  of  the  more  prominent  problem  areas 
under  this  heading  are  the  total  effects  of  the  downwash 
disturbance  field  and  noise  levels  and  ar-cenvatlon. 

Further  analysis  of  the  downwash  discuroence  problem 
is  vital  to  the  development  of  an  operational  military 
GEM.  This  problem  assumes  critic T>roporbion8  for  .'ijw- 
speei  ana  hovering  operation,  where  the  vehicles  are 
enveloped  In  dust  or  spray.  One  manifestation  of  the 
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downwash  disturbance  is  potential  re-ingestion  Into  the 
i  llft/propulslon  system,  reducing  the  efficiency  of  the 

system  and  leading  to  component  damage.  At  low  speeds  the 
downwash  disturbance  will  8lc,.Uflcantly  reduce  the  visibility 
of  the  driver.  Und'.^r  these  circumstances,  the  OEM  must  be 
operated  with  considerable  cautlon>  or  by  reference  to 
Instruments  if  the  dusn  or  spray  is  not  controlled. 

The  noise  generated  by  the  military  GEM  may  have 
adverse  effects  oii  personnel  inside  the  vehicle  and  in 
proximity  to  the  vehicle  during  hover  and  cruise  flight. 

Noise  may  also  contribute  to  operator  fatigue,  early 
structural  fatigue  and  malfunction  of  electronic  equipment. 
The  noise  spectrum  of  the  OEM  vehicle  must  be  ascertained 
and  compared  with  military  specifications  for  acceptable 
noise  levels  in  order  to  determine  areas  where  suppression 
is  required,  or  where  operating  limitations  rauat  be 
imposed. 

The  combat  environment  envisioned  for  the  GEN  is 
similar  to  that  for  most  other  combat  vehicles.  Two  Im¬ 
portant  problems  of  this  environment  are  avoidance  of 
detection  and  protection  against  enemy  fire.  The  sup¬ 
pression  of  noise  and  infrared  emanation  assumea  a  great 
Importance  in  the  combat  environment.  Radar  detect iru 
ia  n'^t  a  m^jor  problem  since  the  vehlcxb  ..  operated 
close  to  the  surface. 
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The  vulnerability  of  the  QEN  to  daaiage  by  enemy  fire 
must  also  be  analyzed,  particularly  the  effect  of  damage 
to  the  lift  system;  in  this  case,  a  requirement  for  armor 
plating  or  use  of  self  sealin',  compcnenta  In  certain  areas 
of  the  vehicle  might  be  a  consideration. 

Associated  with  the  combat  environment  is  the  require¬ 
ment  for  development  of  maintenance  concepts  for  this 
vehicle.  Particularly,  consideration  must  oe  given  to 
field  repair  of  damage  to  the  lift  system.  A  simplified 
*patc.t  kit"  may  be  found  suitable  for  this  kind  of  work. 
Possibly,  provision  can  be  made  for  closing  a  damaged 
section  and  maintaining  operation  with  an  Incomplete  Jet 
"curtain."  There  is  also  an  obvious  pioblem  In  lifting 
the  weignt  of  the  vehicle  to  work  on  the  underside 
components . 

The  purpose  of  this  report,  therefore,  Is  to  present 
the  total  env  Li’onmental  picture  surrounding  the  Oround 
Effect  Machine  operated  on  a  world-wide  basis  and  to 
classify  a  range  of  vehicles  with  operational  capabllitlea 
In  the.se  environments. 

The  report  la  assembled  In  four  chapters,  wxth  three 
detailed  appendices  of  data  from  which  the  chapters  were 
constructed. 
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Chapter'  1  -  The  World-wide  Environment  and  the  Qround 


El  Sect  Machine  j  preaenta  a  and  diacuaslon  of  the 

natural  envlronmenta  of  operational  Qround  Effect  Hachlnea 
on  a  world-wide  basis.  Cllmf ;ic  and  physical  featxuTea  of 
maritime.,  continental,  and  coastal  envlronmenta  are 
included. 

Chapter  II  -  ClaJSlfleatlon  of  Military  Qround  Effect 
Machines,  outlines  families  of  vehicles  for  marine,  overland, 
and  amphibious  operations,  corresponding  to  the  three  realms 
of  natural  environments  discussed  in  Chapter  I.  Operational 
utilization  potentials  are  tabulated  for  each  class  of 
vehicles. 

Cnapter  III  -  Effects  of  the  Induced  and  Combat 
Environments  on  Military  Qround  Effect  Machines,  describes 
the  elements  of  these  environments  and  their  influence  on 
OEM  design  and  equipment  requirements. 

Chapter  IV  -  Effects  of  Sise  and  Operational  Utilization 
on  the  Selection  of  a  Military  C-round  Effect  Machine, 
present*  a  tabulatiwh  of  basic  performance  parameters 
developed  for  the  vehicles  ol^aaslflad  In  Chapter  II,  and 
a  summary  of  the  military  operations  apprcprlAtu  W  each 
class.  Equipment  requirements  based  on  the  total  operating 
environment  are  Included. 
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The  Bibliography  Includes  the  source  materials  used 
In  the  preparation  of  this  report. 

The  Appendices  to  this  report  (bound  separately  as 
Volume  II)  include  tabulatlo.»a  ol  the  baclcground  data  for 
the  World-Wide  natural  environments.  Appendix  A  Includes 
Climatic  and  Oceanographic  Data,  Appendix  B  Includes  Natural 
Peatxires  of  Continental  Bnvlronnants,  and  Appendix  C  In¬ 
cludes  Natural  Features  of  Coastal  Bnvlroniuents .  Notes  on 
the  sources  and  use  of  the  tabular  materials  are  Included 
In  the  appendlres. 

Because  much  of  the  background  data  have  been 
a8Bend>led  from  classified  sources.  Appendix  B  and  Appendix 
C  are  classified  CONFIDENTIAL. 
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I.  THE  WORLD-WK.^  ENVIROWHENT  AND  THE 
6R0U!fl)~EFFBc*r  hACHlMg 


1.  INTRODUCTION 

This  cheLpter*  covers  the  elements  of  natural  environment 
which  affect  the  design  and  performance  parameters  of  Qround 
Effect  Machines.  Since  very  little  data  have  previously 
been  developed  for  the  effects  of  natural  environment  on  the 
OEM,  the  material  of  this  chapter  is  based  on  a  review  of  fun¬ 
damental  chai*acteristics  of  the  world-wide  natural  environ¬ 
ment  with  consideration  primarily  of  the  features  which  would 
have  presumed  effect  on  OEM  operations. 

(1)  State-of-the-Art  Assumptions 

Iri  order  to  provide  a  realistic  framework  for  the 

study,  generalised  limits  must  be  set  on  the  available 

and  projected  state-of-the-art  for  Ground  Effect  Kaohlnea. 

Iheee  should  not  be  considered  as  arbitrarily  specific 

characteristics  of  vehicles  but  rather  as  general  frames 

of  reference.  The  Ground  Effect  Maohlnes  discussed  In 

this  report  include  annular  jet  vid  plenum  type  vehicles 

likely  to  be  available  based  o..  '*'*  state -of -the -art 

now  existing  and  includint.  anticipated  developments 

(29,  52,  57,  59) 

through  1970.  The  following  characteris¬ 

tics  have  been  assumed: 
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1.  Vehlclos  may  be  either  full  annular  Jet  or 
plenum  ohambev  types  or-  uaj'  utilize  sldewalle 
or  skegs. 

2.  The  study  la  limited  to  vehloles  capable  of 
carrying  men  and  material  In  off -road  opera¬ 
tion  over  lat.d  and  water  and  In  amphibious 
operations.  Special -use  devices  such  as  pal¬ 
let  handling  equipment  and  loaders  are  not 
included . 

3.  The  propulsion  and  lift  air  requirements  will 
be  met  through  fans>  compressors,  or  ejectors, 
powered  by  automotive,  aircraft,  and  marine 
type  engines. 

4.  Vehicle  sizes,  operating  heights,  and  power 
requirements,  discussed  in  Chapters  II  and 
IV,  refloot  practical  epplioations  of  the  OIM 
state-of-the  art,  including  anticipated  gradual 
advances. 

More  advanced  concepts  (onannel  08M,  OITOL, 
full  ram  wing,  etc.)  are  not  included. 

Areas  where  OKM  operations  based  on  the  above  state" 
of-the-art  would  be  very  diff]*'"'t  are  expreased 
'  un-QjM-able** .  They  Include  t 
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Areas  with  steady  slopes  over  30  per  cent. 


2.  Dense  forests  of  mature  timber  (8  to  12 
inches  in  diameter  and  greater)  —  brush 
wood  and  young  forests  may  be  cleared. 

3.  Areas  of  large  suiface  discontinuities; 
e.g.,  networks  of  ditches  over  20  feet 
wide  and  10  feet  deep,  congested  built- 
up  area  (city  centers),  canyons  in  arid 
countries  over  20  feet  deep  with  wall  slopes 
greater  than  100  per  cent  (45^),  waterfalls 
over  10  feet  in  height. 

In  all  other  areas,  some  kind  of  QBN  is  presumed 
to  have  operational  capability.  Performance  and  size 
requirements  are  developed  in  Chapters  II  and  IV.  In 
some  eases  even  within  the  limits  of  teehnloal  suita¬ 
bility,  these  requirements  will  be  such  as  to  make  the 
aiN  quits  unattractive  lor  military  operations. 

The  data  on  natural  environment  presented  herein 
are  developed  for  the  world  on  an  area  basis  and  are 
not  intended  to  indicate  requlresier.te  f  or  any  spec  If  lo 
opexation.  Sven  in  "un-On-x^le”  areas,  there  will  be 
sooM  feasible,  and  perhaps  very  advantageous,  ope''**- 
tions,  e.g.,  a  river  valley  in  a  .  '*‘*inous  area. 


Conversely j  in  an  area  which  Is  mostly  suitable  for  OEM 
operations  there  may  be  ’un-OKM-able"  features  or  fea¬ 
tures  requiring  special  design  and  performance 
characteristl cs . 

(2)  Introduction  to  World-Wide  Environments 

Since  the  OEM  has  apparent  capabilities  as  an  over- 
water  and  amphibious  vehicle,  and  since  the  diversity  of 
characteristics  between  land  and  marine  operations  is 
significant,  world-wide  environments  have  been  divided 
Into  three  categories: 

1.  Maritime  en^rlronments  for  marine  operations. 

2.  Coastal  environments  for  amphibious  operations. 

3.  Continental  environments  for  overland  opera¬ 
tions.  includliig  use  of  inland  waterways. 

The  world  area  haa  been  studied  in  terns  of  these 
thre'?  catcgo."ioo  of  natural  environment,  and  data  pre¬ 
sented  herein  represent  the  generalised  charaoteristics 
of  these  environments.  Inasnuoh  as  the  Qrcund  Effect 
Machine  has  very  different  capabilities  other  mili¬ 
tary  vehicles,  it  has  been  necessary  to  develop  the  en¬ 
vironmental  material  on  a  fx'ndaswntally  new  set  of 
>:haracte'*istics.  In  eech  case,  tha  available 


reference  material  was  reviewed  and  significant  environ¬ 
mental  data  derived  and  summarized.  (References  are 
listed  In  the  Bibliography, ) 

In  the  presentation  of  environmental  data,  the  fol¬ 
lowing  breakdown  of  the  world-wide  surface  has  been 
used: 

1.  Maritime  environments  are  discussed  In  terns 
of  the  major  ocean  areas  Including  adjoining 
seas. 

2.  Coastal  environments  are  discussed  in  terras  of 
coasts  of  continents  facing  on  the  various 
oceans. 

3.  Continental  envlroranents  are  discussed  in 
terms  of  continental  land  masses,  including 
Antarc'ica.  In  the  discussion  of  physical 
features ,  tne  Ibirasian  land  mass  has  been 
divided  for  convenience  Into  U.S.S.R., 
lurope  excluding  U.S.3.R. ,  and  Asia  exclud¬ 
ing  U.S.S.R.,  following  the  arrargement  new 
being  adopted  by  geographers. 

The  environmental  material  la  presented,  in  this 
chapter.  In  tabulations  of  na^  -  onvlronaental  .sa¬ 
tires  with  illustrative  text  material.  Complete 


derailed  environmental  data  developed  during  the  study 
are  Included  In  the  App^.idlces  (Volu/ae  II).  Although 
comprehensive,  these  data  are  not  to  be  considered  as 
planning  materials  for  0^.4  operation  In  a  specific 
area,  but  only  as  Illustrative  of  the  general  features 
In  that  area. 
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CLIMATIC  AND  OCBANOQRAPHIC  PSATDRB3 


(1)  Climatic  ClasBlflcatlons 

The  natural  environment  that  will  Influence  the 
design  and  operation  of  the  Ground  Effect  Machine  may 
be  divided  Into  three  broad  categorlesj  maritime, 
coastal  (or  t’*“  'itional)  and  continental.  Contained 
within  each  of  i>nese  categories  Is  a  wide  variety  of 
climates  and  either  physical  or  oceanographic 
characteristics.  This  variety  makes  necessary  u  divi¬ 
sion  of  each  category  Into  zones  having  relatively  homo¬ 
geneous  characteristics. 

The  coastal  and  continental  environments  may  be 
dlvlued  into  regions  with  homogeneous  ollmatlo  char- 
aoteristios,  with  uniform  physical  features,  or  ac¬ 
cording  to  political  boundaries.  Political  boundaries 
usually  do  not  coincide  with  natural  boundaries,  hence 
they  a.'u  used  only  when  knowledge  of  distribution  of 
characteristics  within  each  country  becomes  Important. 

There  are  few  areas  on  the  earth  where  a  shall) 
boundary  between  climatic  uones  can  be  delineated 
Rather,  there  are  transition  zones  wu^w..  In  a  more 


detailed  subdivision,  mlgnt  themselves  be  classified 
as  zones.  Since  too  much  detail  maskc  the  essential 
broad  features,  the  zone  breakdown  used  In  this  study 
has  been  chosen  so  that  uoundarles  are  located  along 
lines  of  maximum  rate  of  transition  and  the  number  of 
zones  Is  held  to  a  reasonable  number. 

The  coastal  zone  classifications  specified  by 
(36) 

Bailey  meet  the  requirements  of  this  study.  Bailey 
used  vegetation  tyres  as  the  primary  basis  for  determln 
Ing  his  zone  classifications  and  boundaries.  He  con¬ 
firmed  these  by  developing  statistics  on  temperature 
and  precipitation  magnitudes  and  distributions  with 
the  seasons  for  each  classification.  These  classifi¬ 
cations  and  characteristics  are  listed  jn  Table  1. 

Zone  boundaries  for  both  coastal  and  continental  zones 
are  shown  in  Figures  1  to  7. 

(4) 

The  Crltchfieid  climatic  classification  for 
continental  areas  appears  to  be  most  suitable  for 
purposes  of  this  study.  It  is  In  good  agreement  with, 
and  is  largely  based  upon  the  classifications  developed 
by  Koeppen  ,  and  others.  Geography,  atures, 

and  precipitation  with  their  seasonsl  variation  and  re¬ 
lated  vegetation  rover  provided  the  bests  for 
frit' hff eld's  determination  of  zone  uuwidarles.  His 
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FIGUIIL  1 

Ciiniatic  Zones  of  Europe 


4IA(7,6) 


FIGURE  2 

Climatic  Zones  of  Asia 


Fl'  jURn:  5 

Climatic  Zones  of  Afrirs 


FIGURE  4 

Climatic  Zones  of  South  America 


FIGURE  5 

Ciimatic  Zones  of  North  America 
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riirratic  Zones  of  Oceania 


iCUTH  ISLAND 


FIGURE  7 

Climatic  Zones  of  Antarctica 


listing  of  climatic  classifications  is  giver,  in  Table  2 
and  his  boundaries  are  indicated  in  r'igure.s  1  to  7.  It 
will  be  noted  in  these  figures  and  in  Tables  A-1  to  A-6 
in  Appendix  A  that  the  agreement  between  the  Bailey  and 
Crltchfleld  claeslfications  and  boundaries  in  the 
vicinity  of  the  coasts  is  remarkably  good. 

The  general  climatic  characteristics  specified  by 
both  Bailey  and  Crltchfleld,  and  the  statistics  given 
by  Bailey  in  Tables  1  and  2  are  mean  values  determined 
on  a  world-wide  basis.  However,  the  parameter  values  for 
Individual  zones  may  or  may  not  correspond  well  with 
these  world-wide  averages.  For  this  reason,  observed 
rather  than  world-wide  average  values  for  each  zone  are 
listed  with  the  other  pertinent  parameters  in  the  tables 
in  Appendix  A,  A  discussion  of  the  details  of  acquisi¬ 
tion  of  the  data  is  also  given  in  Appendix  A. 

Of  the  many  attempts  to  divide  the  oceans  into 
climatic  zones,  none  has  been  successful.  Although  areas 
two  to  Pva  degree;  on  a  side  are  frequently  used  as 
the  basis  for  analysis  of  climatic  data,  such  arbitrary 
designation  of  boundaries  is  meaningless  in  .ht  climatic 
zone  sense  unices  the  zones  ere  so  email  as  to  make  their 
nxusbers  unmanageable.  Conaequentl''  it  haa  been  foui.l 
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Table  2  ^ 

Critchfield's  Climatic  Classifications 


I.  Climates  dominated  by  equatorial  and  tropical  air  masses 

1.  Rainy  tropics 

2.  Monsoon  tropics 

3.  Wet-and-dry  tropics 

4.  Tropical  arid  climate 

5.  Tropical  semi-arid  climate 

11.  Climates  dominated  by  tropical  and  polar  air  masses 

C.  Dry  summer  subtropics 

7.  Humid  subtropics 

8.  Marine  climate 

9.  Mid-latitude  arid  climate 

10.  Mid- latitude  semi-arid  '.'limate 

11.  Humid  continental  warm  summer  climate 

13.  Humid  contineatal  cool  su.mmer  climate 

III.  Climatee  dommsted  by  polar  and  arctic -type  air  maesea 

13.  Taiga 

14.  Tundra 

15.  Polar  climate 

IV.  Clima*n8  having  a’titude  as  the  dominant  couii-ul 
16  Highland  climates 


* 


Reference  4,  p.  174. 
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most  practical  to  considor  each  ocear.  as  a  whole  and 
examine  the  distribution  of  climatic  featux^s  over  the 
ocean. 

The  only  known  c(»nprehen8lve  presentation  of  cli¬ 
mate  over  the  oceans  Is  that  contained  In  the  Marine 

(15-19) 

Climatic  Atlas  of  the  World  and  related  docu¬ 

ments  prepared  by  the  U.  S.  h’avy  Hydrographic  Office 

(14,  22) 

and  U.  S.  Weather  Bureau.  Because  these  docu¬ 

ments  are  available  to  readers  of  this  report,  and  be¬ 
cause  of  the  natuie  and  volume  of  this  material,  no 
attempt  is  made  to  reproduce  It  here.  The  essential 
features  for  a  winter  month  and  a  suimner  month  are 
summarized  in  the  subsection  "Climatic  PeatUies  of 
World  Ocean  Areas." 

The  ultimate  sources  of  all  climatic  data  used 
in  this  study  are  the  observations  of  weather  made  at 
thousands  of  stations  and  transmitted  over  regional 
and  world -wide  oomnunlcatlone  networks.  These  obser¬ 
vations  hsve  been  processed  Into  climatological  aum- 
marles  and  tables,  either  by  the  weather  servicea  of 
the  Individual  ocxintrles  or  by  our  own  wea‘’h''r  agenciee. 
Tite  characteristic  values  tabulated  In  Appendix  A  are 
based  moetly  on  tabulations  of  climatic  data  pre.  vA 
ly  the  Climatological  Section  of  ttui  .  Weather 
Service,  I*.  3.  Air  Force,  v/  the  Navel  Weather  Service 
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and  fftirographlc  Office  and  by  the  U,  S.  V/eather  Bureau. 
The  process  by  which  the.-  characteristic  values  v/lthln 
each  zone  were  obtained  Is  also  explained  In  Appendix  A. 

(2)  cilmatlc  Features  Of  World  Land  Areas 
(4,  page  3) 

Critchfleld  defines  climate  as  "the 

aggregate  of  atmospheric  condltj.ons  over  a  long  period  of 
time."  Climate  is  a  function  of  both  average  conditions 
and  extremes.  It  Is  a  function  of  the  range  and  temporal 
distribution  ot  temperature,  rainfall,  humidity,  wind, 
cloudiness,  and  many  other  factors.  Climate  classifica¬ 
tion  must,  therefore,  be  based  on  all  of  these  factors; 
however,  temperature,  precipitation,  and  wind  speed  are 
considered  to  be  the  most  Important. 

In  his  efforts  to  devise  a  climatic  Indicator,  man 
has  been  unable  to  Improve  upon  the  vegetation  cover. 
Vegetation  in  a  zone  truly  reflects  the  totality  of  the 
climatic  influences  and  la  therefore  the  most  useful 
indicator  of  climatic  type.  This  fact  has  been  utilised 
in  the  development  of  all  olaaslf lection  syatema 
currently  in  voguo. 

The  boundaries  and  olasslfloationa  of  the  ollmatlo 
zones  used  in  this  8tu<^  axe  shown  on  Figures  It. 

I;'  thesw;  figures,  arbitrarily  aasigitwv.  one  numbers  ere 


keyed  to  the  numbers  that  appear  in  column  1  of  Tables 
A-1  to  A-6  in  Appendix  A.  llie  climatic  claeaiilcation  for 
each  zone  appears  In  parentheses  Immediately  following  the 
zone  number  and  in  oolumns  2  and  3  of  the  tables  in  Appendix 
A.  Where  both  the  Bailey  and  Critchfleld  clssslficatloiis 
apply,  and  they  differ,  the  first  given  (in  the  figures) 
is  Bailey's  and  the  second  is  Critchfleld 's.  The  ollma* 
tic  characteristics  for  each  classification  are  given  in 
Tables  1  and  2  and  are  discussed  in  Appendix  A. 

Table  3  summarizes  the  distribution  of  Bailey's  cll> 
matic  classifications  by  country,  continent,  and  the  world. 

A  similar  summarization  for  the  Critchfleld  claaslflcatlon 
la  presented  In  Table  4. 

Prom  a  stuuy  of  these  tables  and  figures,  a  picture 
of  the  ttorld-wlde  distribution  of  climatic  zones  emerges. 

The  most  comswn  coastal  classlfloatlon  is  polar,  with 
23  per  cent  of  the  world's  coastlines.  By  adding  the 
sub-polar  claselflcatlon,  the  total  becosMs  31  per  cent. 

The  pola.;  zones  extend  along  the  northern  rim  of  North 
America,  Europe  and  Asia,  around  the  Antarctic  conti¬ 
nent,  and  Include  the  tip  of  South  America.  Onaracterlstlo 
features  are  temperatures  moetly  near  or  below  the  freez¬ 
ing  level,  persistent  snow  cover,  '  a-loe  In  the  adjacent 
ocean  areas,  and.  In  the  northern  hemisphere,  the  pi'ova- 
lence  of  fog  during  a  large  portion  of  the  year.  A  cor¬ 
responding  area  In  Critchfleld 'a  claselflcatlon,  that 
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dominated  by  polar  or  arctlc-type  air  raasseB,  similarly 
covers  the  largest  single  area  of  the  contlnente^  l.e., 
about  25  per  cent. 

The  second  longest  coastline  cll;r.atlc  type  Is  rainy 
tropical  with  20  por  cent.  Inclusion  of  the  sub-humid 
tropical,  l.e.,  monsoon  type  tropics,  raises  this  figure 
to  30  per  cent.  These  tropical  coast-lines  are  found 
mainly  in  southeast  Asia,  Indonesia,  India,  the  west 
coast  of  equatorial  Africa,  and  the  east  coast  of  South 
America.  Smaller  sections  are  located  In  Central  America 
and  portions  of  Mexico  and  Colombia.  The  corresponding 
Crltchfleld  climatic  type  covers  a  somewhat  lower  propor¬ 
tion  of  the  land  area  than  of  the  coastline,  i.e.,  7 
per  cent.  If  one  Includes,  as  before,  the  monsoon  tropics 
and  the  wet-and-dry  tropics,  this  figure  Increases  to 
23  per  cent. 

The  charaoterlstlcB  of  the  true  rainy  tropical  area 
are  dense  Jungle  up  to  the  water's  edge,  a  profusion  of 
animal  life  of  all  types  and  sizes,  frequent  moderate  to 
heavy  rains,  relatively  low  wind  speeds,  and  an  oppressively 
hot  and  humid  condition.  In  the  monsoon  o-  jropical  wet 
and  dry  climatic  areas,  the  Jungle  somotlmes  gives  way 
to  grassland,  and  the  rairiy,  humid  seaeons  alter,  i.e  with 
>'ver!  w^-rmor  and/or  drier  seasons. 
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A  third  most  important  segment  of  the  earth's  sur- 
« 

face  is  the  arid  or  semi-arld  group  of  zones.  Approxi¬ 
mately  30  per  cent  of  the  land  surface  and  14  per  cent 
of  the  coastline  falls  j.n  these  classifications.  About 
one -third  of  the  earth's  arid  regions  are  found  In 
Africa,  mostly  in  the  northern  half.  The  remainder  oc¬ 
cur  in  southwestern  and  central  Asia,  southwestern  North 
America,  central  and  western  Australia,  and  in  southern 
and  western  South  America.  Vegetation  in  these  regions 
is  sparse  or  non-existent,  the  soil  tends  to  be  sandy 
or  rocky,  and  the  precipitation  is  seasonal.  These  are 
the  areas  in  which  most  of  the  wor.''i's  sand  and  dust 
storms  occur. 

The  remainder  of  the  earth's  surface,  approximately 
one -fourth  of  the  coastline  and  23  per  cent  of  the  sur¬ 
face,  is  distributed  among  the  various  temperate  rones, 
most  of  which  ere  characterized  by  wet -and -dry  seasons 
and  receive  moderate  amounts  of  precipitation.  Vegeta¬ 
tion  in  these  zones  consists  primarily  of  forest  and/or 
grasses. 

1.  Europe  -  Asia 

The  climate  of  the  Eux'ab.'Lan  continent,  iiiolud- 
Ing  the  peripheral  Island  ...  ranges  from  the 

extreme  cold  and  dryneo-  of  the  Arctic  coast  and 


northern  Sibei‘ia  to  the  extreme  heat  of  the  hyper- 
arid  Arabian  Peninsula  and  the  extreme  dampness  of 
the  jungles  of  Malaya  and  New  Guinea.  Mean  tempera¬ 
tures  increase  in  t'  e  usual  manner  from  north  to 
south.  Mean  temperatures  also  Increase  slightly 
frcm  cast  to  west,  except  over  southeast  China, 
because  of  the  warming  effect  produced  over 
western  Europe  by  the  Gulf  Stream  6uid  because  of 
the  widespread  radlatlonal  cooling  that  occurs  over 
the  great  north  Asian  and  northeast  European  land 
mass.  Freezing  temperatures  amd  ground  snow  cover 
are  common  winter  phenomena  north  of  a  line  extend¬ 
ing  from  Shanghai  through  northern  India,  Iran,  end 
Turkey  to  southern  Prance  and  thence  north -northwest 
past  northern  Great  Britain.  These  phenomena  are 
relatively  Infrequent  or  non-existent  to  the  south 
of  this  zone.  The  distribution  of  snow  cover  is 
illustrated  in  Figure  8,  following  page  85»  which 
shows  the  approximate  world-wide  locations  of 
given  climatic  features  during  the  coldest  winter 
months  of  each  hemisphere. 

The  regions  of  heaviest  precipitation  are 
found,  at  least  part  of  the  year,  in  the  monsoon 
belts  of  India  and  south'*  •'^t  Asia,  in  the  vicinity 
of  the  Intertroplcal  convergence  zone  in  Indonesia 
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and  New  Guinea,  and  on  the  southwest  edge  of  the 
Pacific  high  pressure  belt  in  the  Philippines. 

Little  rain  is  found  in  the  "rain  shadow"  of  the 
mountain  ranges  suri  as  those  in  southwest  and 
central  Asia.  Precipitation  is  also  slight  in 
Arabia  at  the  east  end  of  the  unique  Mediterranean 
east-west  oriented  dry  belt.  Western  Europe, 
which  is  dominated  by  the  subpolar  belt  of  westerly 
wind,  has  a  rainy  marine  climate.  Rainy  subtropi¬ 
cal  and  temperate  wet-and-drv  climates,  characteris¬ 
tic  of  the  western  side  of  oceanic  high  pressure 
cells,  are  found  in  eastern  China  and  Japai^. 

Relative  humidities  conform  generally  to  the 
descriptive  terms  of  the  climatic  classifications. 
They  are  very  high  in  the  tropical  rainy  climates, 
high  In  the  rainy  seasons  elsewhere,  lov:  in  dry 
seasons  and  very  low  In  arid  regions,  particularly 
In  portions  of  the  Arabian  peninsula. 

Thunderstorms  occur  mostly  in  the  tropical 
maritime  air  masses  over  India,  southeast  Asia, 
Indonesja,  and  the  Philippines.  In  core  locations 
In  these  areas,  thunderstorms  are  almost  a  dally 
occurrence  during  a  large  portion  of  the  ye  r.  Aa 
5  general  rule,  they  tend  ito  ov.  :  a  shore  distance 
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Inland,  away  from  the  beaches.  The  highlands  of 
New  Qulnea  and  Borneo  are  favored  locations  for 
such  stoiTOs. 

Data  on  the  occurrence  of  sand  and  dust 
storms  are  extremely  sparse.  The  storms  are 
known  to  occur  almost  entirely  In  arid  regions 
such  as  the  Arabian  Peninsula  and  the  desert 
portions  of  Iran,  Afghanistan,  northwestern 
China,  Mongolia,  and  Manchuria.  In  these  areas 
the  soil  Is  sandy  or  lacking  in  plants  or  other 
binding  materials.  The  most-,  frequent  reported 
occurreiiues  are  135  days  per  year  on  the  east 
and  south  coasts  of  Saudi  Arabia,  183  days  per 
year  at  a  place  in  the  Slnklang  province  of 
China,  and  110  days  per  year  at  a  point  in  the 
Oobi  Desert  of  Mongolia.  Tn  such  places,  the 
high  frequency  of  sandstorms  Is  probably  favored 
by  combinations  of  terrain  and  prevailing  winds 
which  must  also  occur  in  many  other  localities  In 
the  arid  regions.  Slsewhere  in  these  same  regl<ms 
frequency  of  occurrence  Is  probably  much  less^ 
however,  soil  conditions  are  favorable  for  the 
creation  of  local  duststonss  by  pz*opwa&h  from 
airplanes  or  downwssh  fr~'  OKMs. 


Very  little  of  a  special  nature  can  be  said 
about  wind  speed  and  direction  over  any  consider¬ 
able  area.  Both  speed  and  direction  are  strongly 
influenced  by  terre  .n  and  surface  conditions  so  that 
wide  variability  within  even  small  regions  is  not 
uncommon.  Wind  speeds  tend  to  be  strongest  in  the 
storm  belts  of  the  middle  and  high  latitudes,  es¬ 
pecially  along  the  coasts  in  the  winter.  In  the 
summer  they  tend  to  be  stronger  during  certain 
hours  of  the  afternoon  or  early  morning  in  valleys 
or  cartyons  or  along  the  drier  coasts,  especially 
when  the  gradient  is  directed  parallel  to  these 
features.  Speeds  ai-e  generally  low  in  the  lower 
latitudes,  except  in  the  vicinity  of  thunderstorms. 
Table  A-1  of  Appendix  A  iiidicatea  specific  regions 
In  which  stronger  winds  tend  to  occur. 

The  occurrence  of  fog  along  the  coast  is 
largely  seasonal.  It  occurs  quite  oosnonly  alcmg 
the  Arctic  coast  from  northern  Europe  eastward  to 
Che  Pad  Me,  along  the  Pacific  coast  to  Japan  and 
Korea,  and  along  the  south  China  coast.  Those  cones 
in  which  fog  occurs  with  the  frequency  speoiried 
Dailey  in  his  criteria  are  indicated  in  Table  A-1, 
Appendix  A.  (Bailey 'a  t'-'  criteria  include  occur¬ 
rence  of  denae  fog  (I’mlting  viaiDility  to  clOO 


59- 


yards  or  less)  either  20  per  cent  of  the  time  in 
a  month,  or  15  pfcr  cent  in  a  three -month  period, 
or  10  per  cent  in  a  year. )  No  attempt  was  made 
to  classify  contlnFut^a  zones  according  to  the 
occurrence  of  fog  since  fog  In  these  areas  Is 
normally  limited  to  Interior  valleys  in  the  early 
morning  hours  and  Is  usually  not  of  area-wide 
significance. 

2.  A: rica 

Largely  because  of  its  position  astride  the 
equator,  Africa  encompasses  the  narrowest  range  of 
temperature  regimes  and  the  widest  range  of  rain* 
fall  regimes  of  ar.y  of  the  continents.  The  most 
atx'lKing  feature  of  the  continent  is  the  arid 
Sahara  Desert  in  which  daytime  temperatures  over 
120°  P.  and  relative  humidities  under  20  per  cent 
are  common. 

The  average  of  the  mean  temperatures  over 
the  entire  continent  of  Africa  la  undoubtedly 
the  highest  of  any  of  the  continents.  Mean  dally 
minimum  temperaturos  below  freezing  during  the 
coldest  month  occur  only  along  the  northern  rim 
and  southam  tip  of  the  w  "^nent  and  at  a  few 
places  in  the  Sahara  r'd  In  the  higher  mountains. 


Mean  dally  maxlniuiri  temperatures  during  the  warmest 
month  over  most  of  rho  continent  range  between  85*^ 

P.  and  98®  P.>  but  are  as  high  as  II7®  P.  in  the 
Sahara.  In  the  tropical  humid  zones,  temperatures 
generally  range  over  the  year  between  60°  P.  and 
90°  P.,  seldom  exceeding  100°  P.  or  dropping  below 
50°  P. 

The  northern  1/3  to  2/5  of  Africa  constitutes 
the  iax‘gest  single  ariu  i*egion  on  eariin.  It  la 
the  only  region  found  for  which  some  climatic  sta¬ 
tions  report  an  average  annual  rainfall  of  zero. 

Many  average  only  a  trace  and  most  average  less 
onan  one  Inch  per  year.  The  other  amalle  arid 
regions,  found  In  southwest  Africa  at  the  east  end 
of  tne  south  Atlantic  high-pressure  belt  and  on  the 
eastern  tip  of  the  continent  In  the  rain  shadow  of 
the  Ethiopian  mountain  range,  also  receive  very 
small  quantities  of  rain.  In  contrast  the  Congo 
Basin,  which  Is  dominated  by  the  Intertzopical  con¬ 
vergence  zone,  receives  copicuc  quantities.  As  a 
rule,  the  rainfall  In  Africa  Is  greater  in  coastal 
ajceas  than  in  the  Interior,  especially  In  the  more 
temperate  climates  found  at  the  northern  and  southern 
ends  of  the  continent. 


\ 

Relative  humidities  are  high  in  the  Congo  Basin 
and  along  the  central  west  coaso,  arid  they  are  very 
low  in  the  Sahara  and  along  the  east  and  the  south¬ 
west  coasts.  They  ary  seasonally  In  the  usual  man¬ 
ner  as  elsewhere,  according  to  wet  or  dry  season. 

Frequency  of  occurrence  of  thimderstorms  Is 
very  high  in  the  vicinity  of  the  Intertropical  con¬ 
vergence  zone,  especially  in  the  Congo  where  they 
occur  as  much  as  200  days  per  year.  Thunderstorm 
activity  Is  also  very  frequent  on  Madagascar  and  on 
the  southeast  coast  In  the  tropical  maritime  air 
flowing  around  the  west  end  of  the  Indian  Ocean  high 
pressure  belt.  Elsewhere  In  Africa,  thunderstorms 
vary  In  frequency  from  about  23  days  per  year  along 
'  he  Mediterranean  coast  to  less  than  one  day  per 
year  along  the  Red  Sea  ooaat.  Thunderstorms  occur 
more  frequently  a  few  miles  inland  than  on  the 
immediate  coastline. 

Although  the  maximum  reported  frequency  of  oc¬ 
currence  of  sand  and  dust  storms  in  the  Sahara  is 
approximately  60  days  per  year,  It  is  p«*obable  that 
they  are  more  prevalent  in  some  areas  not  covered 
by  weather  observations.  The  sandstorm  max*  u m 
g«;nerally  occurs  In  the  pei*.’  •’vmc  January  through 
April  when  wind  spee.^*  above  13  to  25  knots  are 
more  prevalent. 
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As  is  the  case  with  most  land  areas,  only 
general  statements  can  be  made  about  wind  direc¬ 
tion  and  speed.  Sea  and  land  breezes,  sometimes 
quite  strong,  oocu'  along  most  of  the  coast  of 
Africa.  In  addition,  there  are  many  local  winds, 
such  as  the  Sirocco,  which  are  capable  of  raising 
dust  and  sar.^.  On  the  whole,  the  strongest  winds 
are  found  on  the  fringe  of  the  temperate  or  sub¬ 
polar  storm  belt  at  the  tip  of  South  Africa.  An 
exception  to  this  is  along  the  Coast  of  Somalia,  on 
the  eastern  tip  of  Africa,  where  gale -force  winds 
and  acccwnpanying  sandstorms  are  most  frequently 
reported.  Except  in  the  immediate  vicinity  of 
some  thunderstorms,  wind  speeds  in  the  jungle  area 
of  central  Africa  are  relatively  light. 

Fog  meeting  Bailey's  frequency  criteria 
occurs  primarily  along  the  coast  of  southwest 
Africa  on  the  east  end  of  the  south  Atlantic  sub¬ 
tropical  high-pr<esaure  belt.  Fog  also  ocoura  during 
night  ard  early  morning  hours  in  many  mountain 
valleys  and  some  river  valleys  of  south  and  east 
Africa;  however,  frequency  of  occur4*tnce  does  not 
warrant  classification  of  any  rones  as  fog  tones. 


3.  South  America 


Although  th<$  balk  ox  S'juth  Americ&  lias  within 
the  tropioSj  Its  southern  tip  extends  well  Into  the 
prevailing  westerlies  of  the  subpolar  storm  belt. 
Thus  Its  ollmates  range  from  the  dominant  rainy 
tropical  and  wet-and-dry  tropics  of  the  north  to 
the  polar  climate  at  the  southern  tip. 

The  controlling  factor  In  South  America's  cli¬ 
mates  Is  the  Andes  Mountain  Range  that  extends  dcwn 
almost  the  entire  length  of  the  west  side  of  the 
continent.  This  range  restricts  the  effect  of  the 
intertroploal  convergence  zone  on  the  east  coast 
to  the  region  from  the  equator  northward.  To  the 
south  the  coast  Is  dominated  by  the  east  end  of 
tne  South  Pacific  high-pressure  belt  And  the  typi¬ 
cal  arid  climate  associated  with  its  subsiding  flow. 
The  Andes  also  act  as  the  western  barrier  to  the 
flow  of  the  tropical  air  around  the  south  Atlantic 
high-pressure  belt.  This  flow  of  moist,  tropical 
air,  plus  the  action  of  the  Intertrcplcal  conver¬ 
gence  zone,  produces  the  dominant  b  t  j  tropical 
ollmates  of  Brazil  and  the  countries  to  the  north. 

Argentina  and  Chile  «Atend  Iren  the  auLcroplus, 
where  they  are  influenced  by  the  great  high  •‘pressure 


bcj-tB  or  the  two  oceans,  well  Into  the  prevailing 
wssterlias  that  ring  the  globe  north  of  the  subpolar 
low-presBure  belt.  Hie  climate  in  Chile  thus  inges 
from  arid  on  the  north  co  rainy  marine  and  very 
windy  in  the  south.  Because  the  Andes  era  very 
high  through  this  belt,  a  rain  shadow  is  found  on 
their  east  side.  Thus  the  climate  of  a  large  por> 
tion  of  Argentina  is  arid  or  semi-arid. 

The  extreme  mean  dally  maximum  temperatures  so 
common  in  the  Sahara  in  Africa  are  not  found  in 
South  America.  Hlgheat  temperaturec  occur  in  the 
arid  subtropical  regions  of  Argentina  where  some 
mean  dally  maxima  of  100°  p.  or  greater  are  found. 
Naximum  temperatures  In  the  tropical  arid  regions 
of  northern  Chile  and  Peru  are  limited  to  ieea  than 
F.  by  the  low  clouds  and  fog  which,  along  with 
the  lack  of  rainfall,  characterise  the  eastern  edges 
of  high-pressure  belta  along  the  west  coasts  of 
continents.  KAAlmum  temperatures  in  the  tropical 
belt  eaet  of  the  Andes  usually  remain  in  the 
nineties  beceuee  of  the  efrects  of  precipitation 
and  .ouhiueen . 

As  can  eeen  xu  Figure  the  extent  of 
.‘Vet'xxrig  tem|)sraturee  and  snow  cover  jS  relativ^'ly 
smell  on  this  continent  and  1.8  confined  to  the 
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jouthern-most  areas  and  the  higher  level b  in  the 
mountains.  Mean  dally  minimum  ternperatui'es  near 
or  below  freezingj  as  well  as  Individual  dally 
temperaturee  in  th.  same  range,  are  found  only 
in  the  mcnintalna  or  in  the  s<Mthern  quarter  of 
the  continent  during  the  winter  months  axid  almost 
never  in  the  sujjmer  months. 

The  heavy  rains  of  South  America  occur  east 
of  the  Andes  in  the  general  equatorial  belt  where 
the  intertroplc^l  convergence  zone  and  the  south¬ 
west  and  northwest  sections  of  the  Worth  Atlantic 
and  South  Atlantic  high-preasure  belts  respeotively 
are  t-he  dominating  influences.  Bven  in  this  zone 
rainfall  is  seasonajL,  following  as  it  dees  the 
movement  northward  in  the  northern  hemisphere  aum- 
m  .  md  southward  in  the  southern  hamiephere 
suramwi  of  the  Intertropical  convergence  zone.  A 
temperate  rainy  belt,  in  which  rainfall  la  plenti¬ 
ful  throughout  the  year,  exlsta  along  the  southern 
portion  oi  Cnlle  where  It  ext^rd.s  Inio  tne  belt  of 
wrsioMles  known  as  the  "roaring  AO*a.”  Precipita¬ 
tion  elsewhere  on  the  continent  is  ^snentisUy  sea¬ 
sonal  and  relatively  llaht. 

Relative  humidities  gert«.  conform  to  the 
descriptions  of  cllr classlfleat ions  In  that 


they  are  high  to  very  high  In  the  tropical  rainy 
belts  and  In  the  ral*iy  section  of  Chile  noted  above. 
They  are  occasionally  high  during  rainy  seasons 
elsewhere  and  are  r^^alte  low  In  the  arid  regions 
the  year  around. 

Thunderstorms  have  been  reported  on  as  many  as 
190  days  per  year  In  those  equatorial  regions  domi¬ 
nated  by  the  Intertroplcal  convergence  zone.  Most 
thunderstorm  activity  occurs  In  or  near  this  cone 
and  in  the  tropical  air  masses  flowing  into  the 
Andes  Mountains  or  Into  higher  latitudes.  Thunder 
storm  frequency  seldom  exceeds  25  to  30  days  per 
year  In  the  higher  latitudes  and  Is  esBentiall> 
zero  in  the  arid  climates. 

There  are  no  quantitative  data  aval  table  on  the 
occurre-ice  of  sand  and  dust  storms  In  South  America. 
There  is  some  evidence  that  t  iey  occtir  occasionally 
In  the  arid  regions  of  Argentina  and  along  the  coast 
of  northern  Chile  and  southern  Peru.  Such  storms 
appear  to  be  cf  minor  oonsequer.oe  on  the  :ontineat 
of  South  America. 

wind  ep«ed  and  direction  are  Inf^-uenced  very 
si-rongly  be  terrain  on  t*^**  continent  as  the/  are 
on  others^  and  a  wide  /ariablllty  exists  oii«x 
relatively  small  regions.  DlreoticwiS  ar*  generally 
easterly  In  the  tropics  on  the  At' antic  side  uf  the 
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Andes  and  westerly  In  the  southern  half  of  the 
Pacific  side.  Wind  speeds j,  as  a  general  i-ule^ 
are  quite  light  and  calms  quite  frequent  in  the 
tropical  Jungle  areas  and  even  along  the  coast 
of  most  of  tropical  South  America.  In  contrast; 
wind  speeds  are  generally  strong  along  the 
southern  tip,  particularly  along  the  south  coastal 
region  of  Chile.  In  the  belt  Icnown  as  the  'Voarlng 
40'3/'  frequency  oi  gale  winds  is  sometimes  as  high 
as  22  per  cent;  and  wind  speeds  of  ten  knots  or 
below  occur  only  a  very  small  fraction  of  the  time. 

Pog  occurs,  according  to  Bailey's  criteria, 
a: eng  the  coast  of  Peru  and  northern  Ch.Ms  under 
the  influence  of  the  eastern  edge  of  the  subtropi¬ 
cal  nign -pres sure  belt.  It  also  occurs  in  connec- 
tlor  with  storm  activity  along  the  southern  ccast 
of  Chile  in  the  belt  of  the  "roaring  40's."  Pog 
occurs  In  some  interior  valleys  during  early 
morning  hours;  however,  frequency  le  not  suffici¬ 
ent  to  warrant  classification  ol  any  continental 
zones  as  fog  zones. 

4 .  North  America 

The  climate  of  Nortu  .  "‘■'oa,  like  that  of 
Asia,  ranges  from  the  «‘v.ti^me  cold  and  dryness  of 
the  Arctic  coast  and  islands  to  the  rainy  tropics 
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of  Central  America  and  the  arid  snb tropics  of  the- ■■ 
Southwest.  The  pc-i centases  of  coastline  length 
and  land  area  bearing  polar  and  subpolar  classi' 
rieatlons  are  about  f>7  per  cent  and  43  per  cent, 
even  higher  than  in  Asia.  In  contrast,  the  pro¬ 
portions  of  coastline  and  continent  classified 
either  as  r-alny  tropical  or  tropical  arid  are 
relatively  small.  The  rainy  and  wet-and-dry  tropics 
are  found  in  Central  America,  part  of  Mexico,  and 
the  Caribbean  islands.  The  relatively  small  arid 
region  is  cmfined  to  the  southwestern  United 
States  and  northwestera  Mexico,  although  «emi-arld 
belts  extend  northward  over  the  Great  Salt  Lake 
Plateau  and  the  western  great  plains,  which  lie 
in  the  rain  shadows  of  the  Cascade-Sierra  Range 
end  the  Rockies  respectively. 

The  dominant  feature  responsible  for  the 
Nort;h  American  climatic  distribution  is  the  com¬ 
plex  of  mountain  chains  extending  from  the  Aleutians 
through  B'juThern  Alaska,  western  Canada  and  United 
States,  and  thence  through  Mexico  and  Central 
America  to  Colombia  where  it  Joins  the  Andes,  As 
a  consequence  of  this  physical  barrier,  the  coasts 
cf  California  and  northern  Mexico  experience  the 
low  incidence  of  precipitation  ana  the  low  cJ.ouds 
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typical  of  the  aubslding  eastern  edge  of  hlgh- 
preasur«s  belts  along  west  coasts  of  continents. 

In  higher  latitudes  these  mountains  also  act  as 
barriers  to  movement  of  storms  and  re¬ 

sult  in  a  wet  climate  on  the  windward  side.  The 
rain  shadow  effects  of  the  coastal  ranges  are 
pronounced  in  interior  plateaus. 

The  mountain  chains  also  restrict  the  influ¬ 
ence  of  the  v-estern  end  of  the  Atlantic  high- 
pressure  belt  to  the  eastern  half  of  the  continent 
where  humid  tropical  and.  subtropical  climates  pre¬ 
vail  in  the  south  and  wet-and-dry  temperate  cli¬ 
mates  are  found  further  north. 

Mean  temperatures  over  North  America  in  the 
winter  are  somewhat  higher  along  the  Atlantic  coast 
than  in  the  middle  of  the  continent.  They  are  sub¬ 
stantially  higher  along  the  Pacific  coast  under  the 
influence  of  the  diffuse  Japanese  Current  and  of 
the  serai -permanent  low-pressure  area  in  the  Qulf  of 
AlasKa. 

The  area  of  extreme  devily  moar,'  raaxlm’im  tempera¬ 
tures  in  the  summer  is  foutid  in  the  arid  reui'^nc  of 
the  Southwest.  However^  ■'"'v  a  few  places,  such  as 
Death  Valley,  have  su.^  extremes  as  do  the  Sahara 
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and  Arabian  areaa  of  the  Aslan  and  African  conti¬ 
nents.  Extreme  temperatures  during  winter 
months  recorded  in  northern  Canada  and  Alaska  ccm- 
pare  with  those  recurded  in  Siberia.  These  low 
temperatures  are  usually  found  in  valleys  and 
east  of  the  Rocky  Mountains  over  the  tundra  of 
^hc  Ciinadian  plains.  The  extreme  southward  ex¬ 
tent  of  ground  snow  cover  can  be  noted  in  Figure 
8,  To  the  south  of  the  snow  belt>  freezing  ten)- 
peratures  are  comparatively  rare  or  non-existent 
and  snow  cover  occurs  very  infrequently.  During 
the  summer-  mouths,  the  line  recedes  to  the  ex¬ 
treme  north  edge  of  the  continent. 

The  greatest  precipitation  amounts  recorded 
In  North  America,  up  to  150  Inches  per  year,  fall 
along  the  east  coast  of  Centred  America  and  the 
east  coast  of  the  Qulf  of  Alaska.  Moderate  quanti¬ 
ties  fall  In  south-eastern  United  States  and  eastern 
Mexico.  Rainfall  over  most  of  the  continent  Is 
acasonal  in  nature,  although  rrenlpitatlon  in  the 
dry  seasons  may  reach  five  inches  pe.i  month  In 
the  Central  American  area  contrasted  to  zero  In 
the  southwest  arid  regions..  P.vecipitataon  Is  the 
least  in  southwestern  Un'‘'''h  States  and  nortn- 
western  Mexico,  where  c  Jarge  part  of  the  i-eglon 
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13  In  the  rain  shadcvj  of  mountains  and  the  coastal 
portions  are  influenced  by  their  Iccation  at  the 
eastern  edge  of  the  Pacific  subtropical  high-pressure 
belt.  Showers  and  thunderstorms  occur  here  in  the 
infrequent  incursions  of  Gulf  air.  The  most  nearly 
uniform  precipitation  distribution  on  the  continent 
occurs  along  the  Atlantic  coast  where  rain  or  snow 
falls  from  8  to  16  days  per  month  throughout  the 
year. 


Very  high  values  of  mean  relative  humidity  are 
found  the  yea’'  around  only  in  the  Cent,  American 
area.  Elsewhere,  they  occur  intermittently.,  being 
hiij,h  along  the  Pacific  coast,  California  northward, 
only  during  the  winter  wet  season, and  in  the  south¬ 
east  and  eastern  part  of  the  country  during  the  sum¬ 
mer  beasv->p.  Very  low  relative  humidities  occ’ir  most 
of  the  year  in  the  southwest  arid  regions,  in  parts 
of  whlf.h  they  are  almost  as  low  as  those  found  in 
the  Sahara. 

Maximum  tnunderstorro  activity  occurs  Ir.  the 
flow  of  tropical  air  around  the  coathisa-'t  side  of 
the  North  Atlantic  high-pressure  belt.  espe;Lally 
in  the  vicinity  of  the  Intortrop.ital  converg  uice 
zone  in  the  Panama  to  Nicaragua  ...  ea  where  they 
occur  up  to  100  days  per  year.  Considerable 


thunderstorm  activity  Is  found  In  the  West  Indies 
and  the  southern  tip  of  Florida;  and  moderate 
activity  extends  throughout  the  plains  states  and 
the  Atlantic  coastr^  region  of  the  United  States 
during  the  summer  months. 

Elsewhere  jr.  the  continent.,  thunderstorm 
activity  is  ccMiparatlvely  infrequent.  One  area 
of  special  note  is  Just  to  the  east  of  the  Rocky 
Mountains  Ir  Kansas >  eastern  Colorado,  eastern 
Wyoming  and  Oklahoma.  In  this  area  very  strong 
thunderstorms  with  hail  and  tornadoes  have  a  maxi- 
mvun  frequency  of  occurrence  in  April,  May,  and 
Jttne.  Most  of  the  thunderstorms  observed  on  the 
continent  accompany  an  Incursion  of  tropical  air 
fiom  the  Qulf  of  Mexico. 

Blcwrng  sand  and  dtist  on  the  Worth  American 
continent  are  confined  almost  entirely  to  the 
arid  regions  of  the  southwest  and  are  not  a  signifi¬ 
cant  feftt’ire.  In  this  region  sand  or  dust  storms 
may  occur  as  much  as  50  days  per  year,  mostly  in 
the  early  spring  months.  During  per.’  'ia  of  ex¬ 
tended  drought,  such  as  those  of  the  1930*8,  b3 ow¬ 
ing  dust  may  also  cover  extensive  areas  of 
western  plains  section.  Crltxv. '  wind  speed  required 
to  raise  the  sand  grams  over  the  desert  regions  ap¬ 
pears  to  be  approximately  25  to  30  knots. 
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Although  strongly  Influenced  or  donanated  by 
terrain  features ^  there  are  sano  well  defined  wind 
patterns  apparent  In  the  circulation  over  North 
America.  Tj'pical  .t  these  are  the  southeasterly 
and  easterly  flows  along  the  Qulf  and  southeast 
coasts  in  the  summertime,  the  westerly  flow  along 
the  Pacific  coast  from  northern  Mexico  to  southern 
Alaska  throughout  the  year,  and  the  northerly  flow 
over  Canada  and  the  United  States  in  winter,  dale 
force  winds  in  the  warmer  months  ar*  usually  con¬ 
nected  with  special  situations  such  as  Atlantic 
hurricanes  traveling  up  the  east  coast  in  the  fall. 
In  the  winter,  gale  winds  accompanying  the  major 
storms  in  the  subpolar  storm  belt  affect  particu¬ 
larly  the  Pacific  coast  from  California  northward, 
the  Atlantic  coast  northward  from  the  Carolines, 

»nd  occasionally  the  Midwest  northwestward  threugn 
the  Great  Lakes  and  St,  Lawrence  Valley.  On  a 
smaller  scale  the  Chinook  or  other  foehn  winds  of 
the  west  and  the  Tehuantepec  winds  of  southsm 
Mexico  also  reach  gale  force. 

A  comparatively  long  stretch  of  the  coasclire 
meets  Bailey’s  criteria  for  classification  ss  a  fog 
belt.  Thie  belt  extend”  •vexn  the  Aleutians  along 
most  of  the  Arctic  cccst,  around  Newfoundland  to 
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New  England.  A  second  fog  belt  is  found  in  the 
summer  months  along  the  eastern  periphery  of  the 
Pacific  high-pressure  belt,  i.e.,  along  the  coast 
of  California.  Although  there  are  occasional  wide¬ 
spread  areas  of  fog  inland^  the  frequency  of  occur¬ 
rence  does  not  warrant  classification  as  a  fog  region, 

5.  Australia.  New  Zealand  and  Pacific  Island 

ffx-eaa  (Oceania) 

Australia,  the  smallest  of  the  continents,  is 
probably  the  second  warmest,  extending  as  it  does 
from  the  south  edge  of  the  equatorial  belt  to  the 
north  edg?  of  the  subpolar  low-pressure  belt.  Its 
climates  range  from  the  rainy  tropical  of  tho 
northern  .  eninsulas  through  the  avid  oenter  and 
west  to  the  rainy  marine  of  Tasmania.  The  islands 
>,overed  In  this  discussion  txtend  over  the  ssmw 
latitude  belt,  but  their  cilmatea  are  all  rainy. 

New  Zealand  extends  from  the  center  of  the  South 
Pacific  high-pressure  belt  well  into  the  subpolar 
westerlies.  The  balance:  Ns*.  Caledonia,  New 
Hebrides,  and  FIJI,  all  He  in  the  tropics 

Temperature  distribution  over  this  region  is 
the  most  uniform  of  that  of  any  vf  the  con.'  .ents. 
.'can  dally  maximum  temperatuitw  '.n  the  wsrr.eit 
month  barely  exceed  jiOO®  P.  in  the  warmest  portion. 
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the  northern  part  of  the  arid  Interior,  although 
temperaturee  to  120^  ?  are  experienced.  Mean  daily 
minimum  temperatures  below  freezing  in  the  coldest 
month  occur  in  on^y  a  few  isolated  points  on  South 
Island,  New  Zealand*  No  case  was  noted  of  a  daily 
minimum  temperature  below  1^*^  P.  Temperatures  over 
most  of  the  area  range  from  the  thirties  to  sixties 
in  winter,  to  sixties  to  nineties  in  summer. 

Frequency  of  occurrence  of  precipitation  in 
New  Zealand  and  the  southern  portions  of  Australia 
is  remarkably  uniform  throughout  the  year  with  rain 
falling  nine  or  more  days  per  month.  Elsewhere, 
precipitation  is  mostly  seasonal  with  zero  to 
three  inches  per  month  in  the  arid  regions  up 
to  0.1  to  18  inches  per  month  in  the  tropical 
rainy  regions  of  the  north.  The  interior  and 
western  arid  regions  receive  4  to  10  Inohee  per 
year,  considerably  more  than  the  hyperarid  Sahara. 

Although  the  northern  portion  of  Australia, 
the  New  Hebrides,  and  the  Fljis  all  experience  very 
high  relative  hiusidities  a  large  portion  of  the 
year,  they  do  enjoy  at  least  a  short  period  with 
comparatively  low  humidities  during  the  dry 
beaeon.  Humidities  in  the  sou«...  portion  of 
Australia  and  in  New  Zealand  vary  continually 
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between  approximately  50  per  cent  between  etonns 
to  95  per  cent  j-erlods  of  otoma.  Elcewhere  in 
the  region,  humidities  are  generally  in  the  middle 
to  low  ranges  exc  .pt  during  brief  humid  periods  in 
the  local  storm  seasons. 

The  maximum  thunderstorm  activity  occurs 
charaoteri9»’i'*ally  in  the  tropiewTi  air  masses  as 
they  flow  over  the  continent,  or  in  the  vicinity  of 
the  lnt*’*-t’'oplcal  convergence  lone.  Maximum 
frequency  of  occurrence  on  the  northern  tips  of 
Australia  Is  approximately  100  days  per  year. 
However,  maximum  frequency  of  occurrence  in  the 
tropical  islands  of  Pijl  and  the  New  Hebridee  la 
only  ?5  to  35  daya  per  year.  In  the  aouthem 
rainy  areas  thunderatoi'ma  occur  only  about  10  to 
30  lavs  per  year,  and  in  the  central  arid  regior 
i.n,>y  about  one  to  15  days  per  year. 

Nc  d«»a  were  available  on  frequency  of 
or<^urren<  V  of  aand  and  duat  atonu.  It  la  known 
tiuit  tlitiy  dw  uvvur  in  central  and  weatom 
AuntraUa.  It  la  probable  that  the  frequency  of 
occurrence  in  thaae  areas  la  not  itlgh  since  the 
aparae  vegetation  acta  as  c  b1n'*er  and  cr  t  cal 
wind  apeeda  are  attained  ‘^lantly.  These 
atorma  are  probab*.v  not  a  serloua  factor  In 
Australia. 
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Although  Influenced  In  the  usual  maiuier  by 
terrain  leatures,  the  wind  patterns  ov-^r  Australia 
and  the  various  Islands  are  the  least  complicated 
of  any  of  the  continental!  regions.  The  southern 
half  of  Australia  and  nsost  of  New  Zealand  lie 
within  the  belt  of  subpolar  westerlies  and  experi¬ 
ence  westerly  winds  most  of  the  time.  The  northern 
half  of  Australia  and  the  other  island  groups  are 
in  the  subtropical  or  trade  wind  belts  and 
experience  winds  from  the  east  or  southeast  the 
majority  the  time. 

Wind  speeds  In  Australia  are  generally  quite 
lew  In  the  nerthem  portion,  increasing  with 
increased  l«i.ituds  to  a  maximum  along  the  southern 
ri"!  of  the  ccntineht.  Here,  gale-force  winds 
o<*rur  «s  mu:h  as  J.2  per  cent  of  the  time  during 
winter  monhh*  %nd  occu»’  at  least  occasionally  in 
almost  every  month  of  the  year.  New  Zetland 
almilarly  ejr;  rlences  a  high  percentage  of  gale- 
force  winds  during  winter  mouUm.  IXirlng  BunMr. 
gale  Wind#  occur  up  to  five  per  cent  of  the  time  on 
South  Island.  Excapt  during  the  hurricane  season, 
the  island  groups  of  FIJ',  Kow  Heurldea,  an-* 

Now  Caledonia  aaldom  exp«.  gala-forca  winds. 
Since  t.hase  Islands  •  on  t)te  equstor  slds  of 
the  subtroplosl  hlgh-prsssure  belt,  wind  speeds 
generally  run  between  five  and  13  knots. 
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Although  fog  does  occur  both  along  tha  coae* 

V  and  inland  in  Australia  and  New  Zealand,  frequ-icy 

of  occurrence  is  too  low  to  meet  Bailey's  is 

as  a  fog  zone. 

6.  Antarctica 

Antarctica  lies  almost  entirely  within  the 
Antarctic  Circle.  For  this  reason  it  is  almost 
totally  covered  with  ice  and  contains,  other  than 
penguins,  only  a  few  of  the  lowest  forms  of  plant 
and  animal  life.  The  continent  is  ringed  through- 
uut  most  of  year  by  «a*  ice  she  if  as  shown  in 
Plgui'es  10  and  12  following  page  85.  This  Ice 
sheir  effectively  increases  the  else  of  the 
continent  by  providing  more  reflective  end  radiative 
euxface  and  by  preventing  approach  by  sea  to  moet 
c>*  ennre  line.  *fhe  effect  of  location  and  of 
type  of  axirfece  la  to  provide  the  most  uniform 
climatic  dietrlbution  found  on  any  continent. 

Little  quentitative  ciiSMtic  ir.fomaticn  about 
Antarctica  ie  available.  Two  or  *:h»^e  veere  of 
records  i’rom  e  few  observing  otaiions  plue  the 
records  of  e  few  erpeditlona  proviae  our  e  .  re 
>tcre  of  information.  So^v  '  •'’n  is  obtained  from 
Ute  obeervetions  rt^lr  jn  whaling  vessels  and  on 
t^e  few  subpolar  Islands.  The  information 
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tabulated  in  Appendix  A  svunmarlzeo  these  few  data. 
The  blank  spaces  in  tne  table  indicate  the  TacV  of 
any  basis  whatever  for  making  estimates  of  rhose 
particular  paramefers. 

Temperatures  over  the  Antarctic  >;ontinent 
are  below  free‘:lng  most  of  the  time.  Only  in  the 
coastal  areac  do  they  rise  above  the  freezing 
level  and  then  only  during  the  sunaaer  months  irtien 
the  mean  dally  maxlnsum  roaches  approximately  37°  P. 
Mean  dally  maximum  temperature  ever  portions  of 
the  high  interior  plateau  probably  never  exceed*! 

0°  P.  Th$  mean  dally  mlnlmums  vary  from  slight ly 
below  0°  at  "h*  •.“xpoaed  coastal  points  tr  as 
low  as  -7C°  P  In  the  interior,  lue  lowest 
temperature  ^ver  observed  Is  -12'>°  P  st  th'^ 

Sou^h  Pcie. 

Mesi“jr»ment  of  precipitation  on  tta  Antarctic 
continent  la  very  dlff loult  because  1  .  almost 
always  fells  as  snow,  and  it  is  impcstlble  to 
distinguish  between  falling  snow  s-id  blowing  ^aow 
or  ro  measure  the  diffcreo>je  be»^»«r-»  ’-sc  two. 
However,  it  Is  probable  that  thn  owiximum  or*.’- 
clpitatlon  any  place  on  t)  •»  c)ccLiient  ?n  '•  -.k”.  i 

.«  not  over  three  Inches,  me-i*..  ••jiivnert. 
Precipitation  In  the  drlr-*^  .sontha  probably  •  ;) 
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than  0.1  inch,  ’'’'f'.uenoy  of  ooou/'renoe  of  prsciyl- 
tation  or  nf  bJ  owing  enow  runa  aa  hi^ih  au  31  clays 
pi ..  raontA  during  the  ao-oalled  wet  e&«suni  aitd  it 
ealdom  dropp  below  five  days  per  month  in  those 
Areas  for  yhioh  reonrhe  «re  obtainable. 

ii'ev  atatisiioa  are  available  on  relative 
humidities,  largely  beoauee  of  the  diffioulty  of 
measivring  these  at  the  low  teniperatures.  Absolute 
humidiUiep  ai'u,  of  oourse,  very  low  most  uf  the 
time . 


Thu  cuaetel  areas  of  the  Antarotlo  nontlnent 
oan  easily  be  olassified  as  windy.  The  oontinent 
is  surrounded  by  the  subpolar  l.ow*pressure  storm 
belt  atui  uo  is  usually  ringad  by  a  aeries  of 
storms .  The  result  is  a  high  frequency  of 
uc<iiii  reri'iH  nf  gaie-foroe  windi.  This  frequency 
her  linen  reported  es  approx imetety  jO  per  oent 
In  tt>ime  areae  and  ie  seldom  lower  than  three  per 
^utit  even  4it  the  ualmeet  of  monthi.  More  variation 
is  found  in  wind  speed  in  the  interior  regions  where 
wind  drope  nff  to  calm  a  high  pfi'oii..tmte  of  the 
time  beuauae  of  the  formation  of  etrong  aurfasc 
invereiona  in  winter  monbua.  Oooaelonal  at.  .ma 
and  tha  oatabatio  winda  down  tnw  gradual  oi.ipe  to 
tha  ooaat  from  the  polar  plateaua  eomblne  to 


produce  wind  speeds  over  ten  knots  a  high  per¬ 
centage  of  the  time  during  a  portion  of  the  year. 
Oale-force  winds  pivbably  occur  as  high  as  ten  per 
cent  at  some  interior  areas  during  these  sane 
months . 

Blowing  j-Tow  is  probably  the  outstanding 
phenomenon  of  the  Antarctic  continent.  One  station 
reports  blowing  snow  occurring  on  as  mar^y  as  128 
days  per  year.  Since  wind  speeds  of  15  knots  will 
raise  fresh  snow  and  25  to  30  knots  will  raise 
oldeT*  snow,  blowing  snow  is  a  possibility  at 
nearly  any  time  of  year  at  nearly  any  place  on 
the  continent. 

Bailey  has  made  no  attempt  to  determine  the 
frequency  of  occurrence  of  fog  on  the  Aiitarctlc 
cuaatllne,  and  ao  he  has  made  no  claaslfication  lit 
this  respect.  Ice  fog  can  and  does  occur  during 
periods  of  low  wind  velocity  at  almnat  any  place 
over  the  continent.  'Hte  relatively  shallow  layexv 
of  denae  ice  fog  reported  at  MoNurdo  Scur<d  are 
probably  typical  of  those  that  cc*.  n  elsewhere. 
Since  stronger  winds  tend  to  dissipate  these  fogs, 
the  frequency  of  ooourrci  co  probably  is  lo  in  the 
belts  of  strong  winds. 


.82 


( 5 )  Climatic  Features  Of  World  Ocean  Areaa 


For  all  practical  purposes  the  general  atmospheric 

circulation  over  the  oceans  consists  of  three  main 

streams,  (l)  the  tropical  easterlies  and/or  trade  winds 

found  between  the  equator  and  30°  to  40°  latitude, 

(2)  the  mid-latitude  westerlies,  also  known  as  the 

clrcximpolar  zonal  flow,  found  between  about  35°  and 

53®  to  70°  latitude,  and  (3)  polar  easterlies.  These 

three  circulations  are  a  result  of  the  subtropical  high- 

pressure  belt  over  the  oceans,  vhoee  mean  axis 

oscillates  between  30°  and  40°  latitude;  of  the  subpolar 

storm  or  low-pressure  belt  whose  axis  varies  between 
0  0 

45  and  70  latitude;  and  to  a  lesser  extent  of  a 
polar  high-pressure  cell.  The  t»'opical  easterlies  and 
trade  winds  are  found  on  the  equator  side  of  the  high- 
pressure  belt,  the  zonal  westerlies  between  the  high- 
pressure  bait  and  the  lo^’-preesure  bolt,  and  the  polar 
easterlies  on  the  poleward  side  of  the  low-pressure 
belt.  In  the  northern  hemisphere  these  pressure  aystems 
are  generally  located  In  lower  latitudes  during  the 
winter,  when  uhe  lows  are  generally  moot  Intense  and 
highs  may  be  weakest.  Ourlt\g  th;  sussner  they  migrate 
toward  the  poles,  and  the  lows  weaken  markedly  as  th^ 
highs  become  stronger.  The  chang«.^  '***  not  so 
pronounced  In  the  southern  hemic nheru. 
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Storms  In  the  northern  hemisphere  usually  move 
northeasterly  or  easL-erly  from  their  point  of  gener¬ 
ation  off  the  east  coasts  of  continents  to  their 
point  of  maxijnum  In.enslty  and/or  dissipation  in  the 
Gulf  of  Alaska  or  the  vicinity  of  Iceland.  In  the 
southern  hemisphere  storms  tend  to  move  southeast¬ 
ward  or  eastward  either  to  semi -permanent  lows  in 
the  Ross  or  Weddell  Seas  or  to  continue  on  around  the 
periphery  of  the  Antarctic  continent. 

Tropical  cyclone  generation  usually  occurs 
toward  the  western  side  of  oceans  in  the  low  latitudes^ 
particularly  iier.ween  10  and  20  degrees  from  the 
equator.  They  then  normally  move  on  westward., 
gradually  recurving  toward  higher  latitude,  fre¬ 
quently  along  the  east  coasts  of  continents,  until 
they  move  into  the  subpolar  stoiTn  belt. 

A  feature  of  individual  cells  in  the  hi^h-pressure 
belts  ia  the  subsiding,  and  hence  very  stable,  air 
found  on  their  east  ends.  The  resulting  lack  of 
precipitation  la  responsible  for  the  and  regions  on 
the  western  edge  of  adjacent  continents  Since  the 
flow  around  the  high  adjacent  to  the  continent  also 
results  In  an  upwellliig  of  cold  water  along  ooaat, 
fr;'  and  low  clouds  are  also  w.  "“nteristic  of  such 
regions.  As  the  flo;;  continues  on  sround  the 
equatorial  side  of  the  high,  the  air  acquires  heet  and 
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FIGURE  8 

Mean  Extent  of  Shelf  Ice,  Superstructi 
Icing,  Freezing  Air  Temperatures 
and  Snow — Winter 


FIGURE  9 

Frequency  oi  Wind  Speet 
C  ategories — Winter 
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FIGURE  iO 

F requency  of  Occurrence  c 
High  Seas- -Winter 
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FICTTRE  11 

Frequency  of  Wind  Speei 
Cat*s^orie8- -Summer 


tlGUKE  12 

Frequency  of  Occurrence 
High  Seas- -Summer 
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Figures  9  anti  11  shovj  the  dlsti'ibution  of  wind  speeds 
in  the  winter  and  Buai*ner  hemispheres,  pnd  Figures  10 
and  12  show  corresponding  wave  height  information.  In 
each  of  these  figures  t.ie  northern  and  southern 
hemisphei*es  are  separated  by  six  months,  l„e,,  the 
winter  hemisphere  may  represent  conditions  in  February 
In  the  northern  hemisphere  and  in  August  in  the 
southern  hemisphere. 

1.  North  Atlantic 

The  general  southwest  to  northeast  orien¬ 
tation  of  winds,  waves  and  sea  Ice  along  the 
west  side  of  the  North  Atlantic  Is  an  indication 
of  the  strong  influence  of  the  warm  Gulf  stream. 
This  stream  Is  responsible  for  the  mild  climates 
of  the  more  northerly  latitudes  of  western 
Europe..  It  is  also  largely  responsible,  together 
with  the  contrasting  frigid  chax'acter  of  the 
adjacent  polar  regions  of  North  America,  for 
Intensification  of  the  storms  which  tend  to 
follow  It  northeastward.  It  can  be  noted  In 
Figures  9  through  12  that  the  stor;'.  vlty 
is  reflected  In  the  regions  of  maximum  magnitude 
and  frequency  or  oocurren-^e  uf  wwvea  and  w.  u 
(speeds . 
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The  piofn  mnxlrrara  extent  of  soa  Ice  coinentra- 
tlon  of  fU'e-tent’is  or  'uore.  Indicated  on  Figure 
8,  means  that  ice  in  leaser  concentrations  does 
penetrate  farther  sjuth,  although  It  melts 
rapidly  If  it  enters  the  edge  of  the  Oulf  Stream. 
The  Ice  pack  recedes  far  to  the  north  In  the 
summer^  but  Icebergs  breaking  off  of  glaciers 
drift  out  into  the  shipping  lanes  along  the 
Gulf  Stream. 

Tha  major  storm  tracks  In  the  Atlantic 
extend  from  the  east  coast  of  the  South  Atlantic 
States,  northeastward  past  Newfoundland  to  the 
vicinity  of  Iceland.  The  corresponding  belts 
of  maximum  wlndi  and  w«ve  heights  extend  from 
the  ^u-ea  southwest  of  the  New  England  coast 
nort neaetward  to  the  30th  to  60th  parallels  to 
the  tip  of  Greenland  and  Great  Britain.  Wind 
speeds  and  wave  heights  decrease  to  the  souths 
eastward  to  a  mlnlsnuB  extending  from  Gibraltar 
westward  into  the  Oulf  of  Hcxlco. 

In  the  suBiMr  the  boundary  of  rr*e:lng 
temperatursa .  along  with  the  tee  shelf,  recedes 
far  CO  the  north,  Fi-eeslxut  tsmpsratux'ea  th«  . 
c::.'ur  less  then  five  per  oenw  *  th#  time  at 
any  point  in  the  No^vn  Atlantic.  Because  of  this 
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warming,  superstructure  Icing  does  not  occur  in 
the  summer  months*.  The  major  storm  tracks  are 
found  only  slightly  to  the  north  of  their  wir.ter 
position,  but  the  jtormg  themselves  are  generally 
much  leas  intense.  The  area  of  hig^  winds  and 
waves  remains  nearly  stationary,  altho\igh  the 
incidence  of  gale  force  winds  is  considerably 
lower  than  in  the  winter  period.  Wave  heights 
greater  than  twelve  feet  seldom  occur  south  of 
the  4Cth  parallel  In  the  summer,  and  wave  heights 
above  five  feet  occur  along  the  30th  parallel  only 
about  1C  per  cent  of  the  time. 

2.  North  Pacific 

The  southwest  to  northeaat  orientations  of 
the  boundary  between  freezing  and  non-freealne 
temperatures  and  of  the  zone  of  procabJe  super¬ 
structure  icing  found  in  the  North  Atlantic  in 
winter,  are  alao  observed  in  the  North  Pacific, 
el  though  =  heir  north^iard  displacements  there  are 
not  sc  pronounced.  Lack  of  sii  oceanic  current 
in  the  Pacific  as  wann  £nd  stror^.  •/>  Ouli' 
Stream  in  the  North  Atlantic  I'esulta  ir  leaa 
pronounced  warming  over  the  northeast  come  of 
the  ocean.  Contributing  to  tn^  hser.'od  orien¬ 
tation  la  the  strong  outflow  of  cold  air  from 
the  Asiatic  mainland. 


Unlike  the  Noi’th  Atlantic,  there  Is  no  sea 
ice  in  the  North  I-aoific.  The  most  southerly- 
advance  of  the  Ice  shelf  la  Into  the  southern 
Bering  Sea,  from  wt-xh  It  recedes  In  the  summer 
to  the  Arctic  Ocean.  Small  areas  of  pack  Ice 
do  form  In  the  sea  of  Okiiotsk  and  portions  of 
the  Japan  Sea. 

The  outflow  of  polar  or  arctic  air  masses 
from  the  continent  of  Asia  Is  even  more  pronounced 
than  from  eastern  North  America.  This  air  con¬ 
tributes  to  the  genesis  of  the  severe  storms 
that  form  along  the  coast  and  move  east-north¬ 
eastward  south  of  the  Aleutian  chain  Into  the 
Qulf  of  Alaaka.  A  second  major  atorm  track 
extends  from  the  central  North  Pacific 
northeastward  Into  the  Qulf  of  Alaska  ox  onto 
the  .oasts  of  Canada  and  northweaterr 
Unl^orJ 

The  center  ol  the  region  of  heavy  reas  and 
strong  winds  Just  eaat  of  Japan  and  south  of 
Kar'chettk'"  (Fic^ices  9  and  10)  cor»’-'en<--r*'<  m  ch-:* 
first  of  tiie  major  storm  tracks.  Here,  seas 
greater  than  12  feet  oc''ur  over  20  per  cent  o. 
i.'ic  time.  This  region  ex'-enw..  ''suward  into 
the  Qulf  of  Alasku  wxvo  a  ior.gue  southe/ Swward  to 
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the  northeast  of  Hawaii  that  reflects  the 
secondary  storm  tracks  from  the  ce;-tra3  Pacific. 
The  magnitude  and  frequency  of  occurrence  of  high 
winds  and  heavy  ser.ti  decreases  toward  the  south¬ 
east  end  south.  Lightest  winds  seem  to  occur  In 
a  belt  that  coincides  roughly  with  the  axis  of 
the  belt  of  high  pressure  across  the  Pacific, 
extending  from  the  Hawaiian  Islands  area  westward 
almost  to  Formosa,  thence  southward  through  the 
Philippines  to  Join  with  the  ejuatorial  doldrums. 
Similarly,  the  most  frequent  occurrence  of  waves 
under  five  feet  In  height  are  found  in  a  low 
latitude  belt  with  arms  extending  northward  in 
the  vlrir.l.ty  cf  the  Pacific  coast  of  North 
America  and  to  the  north  of  the  Caroline  and 
Marsnali  islands .  Wave  nelghts  are  also  generally 
Icv^  In  the  unfrozen  portion  of  the  Bering  Sea. 

In  the  summer  months  temperatures  below 
freezing  occur  only  in  small  areas  north  cl  68^ 
North  Latitude.  Hence,  no  aupcrotructure  icing 
may  oe  expected  during  the  summer  anywhere  in  the 
Pacific. 

Storm  tracks  in  the  suemer  Bvctha  diff^  >' 
-.ittle  from  those  of  winter,  a.  “ugh  the  atorma 
are  much  less  intenae.  Storma  form  off  the  coast 
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of  Japap  and  occasicr:ally  in  t>he  Stellow  or 
China  Seas.  Many  of  these  move  in  through  the 
Bering  Sea  across  to  the  northerr>  tip  of  Alaska, 
but  a  few  form  in  tue  central  Pacific  to  move  In 
on  the  coast  of  Washington  and  British  Columbia. 
These  less  Intense  summer  storms  result  In  a  much 
lower  frequency  of  occuri’euce  of  gale-foi'ce 
winds,  the  maximum  being  reached  in  the  vicinity 
of  the  Aleutians.  The  Aleutians  also  mark  tne 
center  of  tne  region  of  nost  frequent  occurrence, 
10  per  cent  of  the  time,  of  waves  over  feet. 
This  belt  extends  from  Japan  through  ttie 
Aleutians  on  into  the  Oulf  of  Alaska.  A  minor 
maxim'jJT  nf  thesu  waves  la  located  west  of  the 
Canal  Zone,  and  they  sometimes  occur  off  the 
California  coast. 

The  center  of  maximum  frequency  of  occurrence 
of  waves  over  live  feet  in  height  la  located 
southwest  of  Kamchatka  and  extenda  eastward 
into  the  Qulf  of  Alaska  end  uuwm  the  cosst  to 
central  California.  The  central  California 
maximum  is  a  product  of  the  strong  high  pressure 
oell  that  exists  to  the  west  during  tnw  svur«*«-v 
months.  Still  another  bnu.  '  maximum  occurs 
along  the  China  coaft 


As  In  the  wintertime,  the  mid-latitude  belt 
of  tlie  lowest  wind  speeds,  and  consequently 
lowest  seas,  corresponds  to  the  axis  of  the  high 
pressure  system  which.  In  the  summer,  is  found 
between  30°  and  35°  North  Latitude.  This  belt  of 
low  seas  and  low  winds  then  dips  southwestward 
to  the  minimum  Just  north  of  New  Guinea  where 
it  Joins  with  the  equatorial  doldrums. 

3.  South  Atlantic 

Tne  relative  positions  of  land  and  water 
in  the  northern  hemisphere  are  essentially 
reversed  in  the  southern  hemisphere  with  a 
resulting  slmpljiflcation  In  the  distribution  of 
the  patterns  of  the  climatic  elements  as  shown 
in  Figures  8  to  12-  The  Antarctic  continent, 
centered  almost  on  the  South  Pole,  Is  surrounded 
by  an  ice  pack,  which  in  the  winter  extends  out 
to  about  65°  South  Latitude  in  the  Pacific  and 
«.6°  in  ti*c  Atlantic,  and  in  the  summer  recedes 
almost  to  the  shoreline. 

the  southern  hemisphere  belt  of  super- 
structure  icing  extends  outwerd  severe!  hun*  •  d 
miles  from  the  edge  of  the  ..  naok.  3uch  icing 
can  occur  at  any  tirr  cT  the  year,  but  the 
probability  of  occurrence  in  the  eumswr  is  much 
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lower  tran  In  the  other  seasons.  The  mean 
position  of  the  Lcijiidarj'  of  the  ?ree?!lng  air 
corresponds  roughly  with  the  outer  edge  of  the 
superstructure  Icing  belt. 

In  the  winter  the  belt  of  strong  winds  and 
heavy  seas  arches  across  the  South  Atlantic  from 
south  of  the  southern  tip  of  Africa  west- 
northwestward  to  the  center  of  the  ocean  and 
then  southwestward  to  the  tip  of  South  America. 
Gale  winds  occur  in  this  belt  approximately  2C 
per  cent  of  the  time  and  winds  less  than  ten 
knots  occur  less  than  about  10  per  cent  of 
•he  time.  Seas  In  this  belt  are  five  feet  ox 
greater  I'rcm  50  to  80  percent  of  the  time  and  are 
g’-eater  than  twelve  feet  over  50  per  cent  of  the 
*ime.  a  band  of  light  winda  occurring  5^  per 
cent  or  more  of  the  time  coincides  with  ths  axis 
of  the  South  Atlantic  high  preasure  cell  between 
20^  and  3*^*^  South  Latitude.  Light  winds  also 
occur  along  much  of  the  coasts  of  Africa  and 
South  America  and  in  the  doldrums  near  the 
equator. 

The  sunmertlme  axis  of  r.igt*  winds  and  eavy 
svta  Is  only  slightly  furthex  .  th  than  it  is 
In  the  wintertime.  However,  the  frequency  of 
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gale  winds  drops  off  to  about  10  or  12  per  cent, 
the  frequency  of  seas  five  feet  oi’  greater  drops 
off  to  40  to  70  per  cent  and  the  frequency  of 
seas  twelve  feet  cv  greater  drops  off  to  20  to 
30  per  cent.  Winds  and  seas  decrease  markedly  to 
the  north,  those  winds  near  the  South  Atlantic 
high-pressure  cell  at  20°  to  30°  South  Latitude 
being  under  ten  knots  nearly  70  per  cent  of 
the  time.  Along  the  equatorial  coast  of  both 
Africa  and  South  America  they  are  less  than  ten 
knots  as  much  as  95  per  cent  of  the  time.  Seas 
of  greater  than  five  feet  occur  less  than  10 
per  cent  of  the  time  north  of  the  25th  parallel. 

h.  South  Pacific 

The  belt  of  maximum  winds  across  the  South 
Pacific  In  the  wintertime  extends  approximately 
east-west  from  the  coast  of  Chile  to  the  southern 
tip  of  South  Island.  New  Zealand.  One  maximum  of 
♦■requertcy  of  occurrence  of  galee  {over  20  per  cent) 
Is  located  on  the  ^th  parallel  and  a  second  Is 
located  on  the  53rd  parallel  Jusc  oil  the  coast 
of  Chile.  The  belt  of  highest  frequency  of 
occurrence  of  wave  height?,  five  feet  or  grea&er 
coincides  with  this  belt  of  gaiw  winds.  F.crri 
this  belt  both  seas  and  winds  decrease  southward 
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to  the  Ice  pack  and  northward  to  the  eqiuatorlal 
doldrums.  North  of  South  Latltuae,  wave- 
heights  exceed  five  feet  only  about  five  to  20 
per  cent  of  the  time. 

In  the  summertime  gale -force  winds  occur 
about  10  per  cent  of  the  time  in  a  band  between 
about  50°  and  55°  South  Latitude ^  and  the  axis 
of  the  belt  of  nigh  seas  lies  about  on  the  55th 
parallel.  Here,  seas  greater  than  five  feet 
occur  70  to  8C  per  cent  of  the  time  and  swells 
greater  than  twelve  feet  between  40  and  70  per 
cent  of  the  time.  As  in  the  winter,  both  winds 
and  seas  moderate  both  to  the  south  and  the 
north.  The  belt  in  which  winds  are  most  fre* 
quently  ten  knots  or  lea*  extends  across  the 
Pacific  from  the  20th  parallel  on  the  east  side 
to  the  15th  parallel  on  the  west  side.  However, 
lowest  wind  speeds  occur  along  the  northern  half 
of  the  South  American  ooaat  and  in  the  weatem 
extremitiee  of  the  tropical  Pacific 

5*  Ihdian 

The  eaat-weet  belt  of  gaie-foroe  windf 
found  in  the  Atlantic  anu  *iflc  continues 
across  the  South  :  Oceai*.  at  between  40*^'  and 

55^  south.  Qsle-force  winds  In  the  winter  occur 


from  aroit  eight  per  cent  of  the  time  south  of 
Australia  to  a  maMmuTi  of  20  pei*  cent  of  the  time 
at  or  near  42°  South  latitude,  40°  East  Longitude. 
In  the  correspondin'^  bell  of  heavy  seas,  helgtits 
five  feet  or  greater  occur  frop  50  to  75  per  cent 
of  the  time.  There  is  the  usual  sharp  dropoff  of 
winds  and  seas  further  north.  A  belt  In  which 
wind  speeds  cf  ten  knots  or  less  occur  approxi¬ 
mately  half  the  time  extends  across  the  Indian 
Ocean  at  30°  south.  However,  the  most  frequent 
occurrence  of  low  wind  velocities  is  essentially 
right  or.  the  equator. 

In  the  summer  the  position  of  the  belt  of 
hign  winds  and  seas  shifts  slightly  southward,  buc 
the  fre'iJe'icy  of  gale-force  winds  decreases 
relatively  little.  That  the  winds  decrease  in 
average  Intensity  is  confirmed  by  a  decrease  in 
the  frequen-'y  of  seas  five  feet  or  greater  to 
about  40  per  ;er.t  and  ot  those  over  12  feet  to 
about  3C  per  cent. 

The  seasonal  change  in  winds  a;;.*,  reus  in  the 
North  Irtdian  Ocean  is  reversed  from  that  of  the 
other  oceans.  Gale-force  vlnas  are  almost 
ursmown  in  the  winter,  and  hign  ..  la,  e'*en  those 
of  only  five  feet  or  so,  occur  lesa  than  two  par 
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cent  of  the  time.  In  the  summer,  however,  the 
frequency  of  gala-force  winds  in  the  Arabian  Sea 
Just  east  of  the  east  tip  of  Africa  Increases 
to  over  30  per  cent  and  wind  speeds  of  ten  knots 
or  less  occur  less  than  10  per  cent  of  the  time. 
The  corresponding  seas  In  this  area  are  five  feet 
or  greater  70  per  e«\t  of  the  time  and  twelve 
feet  or  greater  10  per  cent  of  the  time. 

However,  these  heavy  sens  and  strong  winds  drop 
off  sharply  toward  the  southern  tip  of  Iridia 
and  seas  of  twelve  feet  au4  greater  are  almost 
unknown  from  the  south  edge  of  the  Arabian  Sea 
eastv.*i-!j  to  S’lmatre. 

( A )  Sommary  Of  Significant  Climatic  Peaturefc 

1.  Average  wind  speed,  frequency  of  occurrence 
of  c'*'  *  tcp"''  winds,  average  heights  of  seas, 
and  frequency  of  occurrence  or  higf.  saas  all 
tend  to  increase  with  latitude  to  a  maximum 
between  40^  and  65°,  and  t^  he  higher  In  winter 
than  iTt  summer. 

2.  Sea  tee  Is  an  inq^ortant  factor  )n  the 
wlntar  Ir  the  higher  latitudes  of  the  Nort 
‘itlantlc  and  the  South  Atia^..  •-  re-^lflc,  and 
Indiar*  Oceans.  Ko  -f«Alf leant  amounts  of  sea  ice 
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are  found  In  the  North  Atlantic  in  th*  sxinaaer. 

In  the  summer  in  the  southern  hemisphere  sea  ice 
recedes  almost  to  the  Antarctic  continent  but 
does  not  disappear. 

3.  A  belt  of  probable  superstructure  icing 
several  hundred  miles  wide  borders  the  edge  of 
the  sea  ics  In  both  hemispheres  in  winter. 

Tnis  belt  disappears  in  summer  in  the  northern 
hemisphere  and  decreases  markedly  In  the  southern 
hemisphere . 

4.  A  Deit  of  nigh  pressure  is  found  in  all 
but  the  North  Indian  Ocean  at  about  30°  to  35° 
latitude.  The  high-pressure  cells  azo  usually 
strcngeet  in  summer  and  weakest  in  winter  in 
the  northern  hemisphere,  hut  they  show  little 
seasonal  cnange  in  the  southern  hemisphere. 

5.  The  riimste  of  the  west  coasts  of  continents 
bordering  the  eastern  periphery  of  tJ*e  high- 
praesure  '.ells  ie  either  arid  or  sei..i-arld  and 
ejcperlencea  a  high  incidence  ol  leg  low 
clo'i.as. 

C.  A  belt  of  low  prear  '-  e  exists  at  higher, 
latitudes  In  all  ocea-'’8.  Stonm  m  these  ri^ite 
are  subatantlallj  stronger  In  winter  than  in 
summer.  Strong,  but  shallow  and  very  cold,  high 
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pressure  cells  are  likely  to  be  located  over  lend 
at  the  same  latlcudes  in  winter. 

7.  Africa^  Au8trrlia>  moat  of  New  Zealand  and 
the  majority  of  South  America  are  ainnei-.  free  r»f 
snow  and  freezing  te^^pe^atu^es,  even  in  winter. 

8.  The  continent  of  Antarctica,  the  island  of 
Qraenland.  and  portions  of  the  northern  rims  of 
Noi'th  America  and  Asia  are  perpetually  snow 
covered,  or  nearly  so,  and  are  subject  to 
blowing  snow  when  winds  exceed  30  knots. 

9.  The  preponderance  of  arid  and  hyperarid 
cllwate?  are  found  In  tlie  northern  half  of  Africa 
and  in  southeastern  and  central  Asia. 

10.  In  lo  Nsr  Utitttdea,  the  areaa  rsceiving  the 
most  rain  and  havang  the  greatest  aanunt  of 
thunderstcrw  activity  lit  within  the  area 
fre<tuented  ty  the  tntertropic^  convergence  tone 
('•etween  the  high-preaeure  oelts  of  the  two 
hemlepherea)  or  at  the  southiMst  aj>d  weat  ends 
or  subtropical  hlgn'^pressure  cells  'tn  the  east 
side  of  continents.  In  higher  Istitvide?  ttw  rainy 
areas  are  within  the  sub^'oior  storm  or  low^ 
pressure  belt,  particularly  on  vw  west  t ider 

of  continents. 


CONTINENTAL  ENVIROKMENT3 
( 1 )  Classification  or  Natural  Featmrea 

Tlu-  development  of  the  natural  environment  for 
overland  operations  of  Ground  Effect  Machines  requires 
consideration  of  the  wide  variety  of  geographic  terrain 
and  climatic  elements  prevailixig  throughout  the  land 
areas  of  the  world.  In  order  to  provide  a  basis  for 
analysis  of  these  data,  some  compromise  must  be  made 
between  the  extensiveness  of  the  factors  considered 
and  slnqjliclty  of  presentation. 

Based  on  the  unique  performance  and  operating 
oarabllltles  Inherent  in  the  GEM  concept,  the  following 
basic  geographic  elements  were  considered  for  overland 
operations  with  Ground  Effect  Machines: 

1..  Altitude  ranges 

2.  Slopes  of  surface  terrain 

3.  Drainage  features 

a.  Coastal  stream  valleys 

0.  Inland  stream  valleys 

c.  Other  drainage  features 

4.  Vegetation  and  surface  cover 

a .  Dense  forest 

b .  Brush 

c.  Gracs  and  meadow 

d.  Cultivation 
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e.  Swamp  and  marshes 

f.  Other 

5.  Evaluation  fo.-  cross-country  operation  of 
conventional  tracked  vehicles 

6.  Special  features  pertinent  to  OEM  operations 

Tlie  dlstrlliuLion  cf  .iltitudeB  for  the  terrain  sur¬ 
face  was  conaidered  because  of  Its  Influence  on  the 
power  output  of  the  power  plants  which  are  anticipated 
to  be  used  In  most  QD!  vehicles.  The  breakdown  of 
altitude  ranges  was  as  follows: 

Below  sea  level 
0  -  1000  feet 
1000  -  3000  feet 
3000  -  5000  feet 
5000  -  10,000  feet 
Over  10,000  feet 

The  distribution  of  the  slopes  of  surface  terrain 
Is  an  Important  element  of  the  OBM  environment.  The 
provision  of  sufficient  power  for  traversing  areas  of 
sloping  surface  Is  a  significant  basic  require¬ 

ment  for  the  Ground  Effect  Machine.  Tlie  breakdown  of 
surface  terrain  into  legions  c'  slops  ilstrlbut,.  was 
^8  rc.-.jows: 

0  -  lOK 

10  -  30X 

Over  30J< 
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At  the  present  stac;’-of-the-ari.  of  OEM  develop¬ 
ment,  slopes  of  less  than  10  per  cent  are  not  anticipated 
to  add  appreciably  to  th^  Installed  power  requirements 
for  normal  operations.  Slopes  of  10-30  per  cent  will  re¬ 
quire  special  consideration  in  the  design  of  vehicle 
power  installations  and,  in  some  cases,  will  be  marginal 
for  all  operations,  since  the  power  required  to  navigate 
slopes  of  tnls  range  will  be  a  significant  fraction  of 
the  total  power  requirements.  Slopes  of  30  per  cent  and 
greater  inquire  the  expenditure  of  so  much  power  that 
the  value  of  the  OEM  system  is  negated.  For  the  present 
analysis,  therefore,  all  areas  where  a  large  percentage 
of  the  slopes  are  over  30  per  cent  in  gradient  are  con¬ 
sidered  to  be  beyond  the  range  of  any  OEM  operations. 

Because  of  the  unique  capability  of  the  Ground 
Effect  Machine  for  operation  over  both  land  and  water 
surfaces,  the  use  of  stream  valleys  as  avenues  of  access 
to  inland  areas  and  as  transport  corridors  in  these 
areas  is  considered  to  be  quite  important  in  the  over¬ 
all  OEM  operations  picture.  Data  on  stream  valleys 
reaching  the  coastal  areas  have  been  intiivruted  into 
the  other  material  being  developed  for  coastal  and 
amphibious  operations.  The  us*  of  inland  streau. 

.alinya  affords  in  many  areas  the  routes  Ir 
otherwise  inaccessible  terrain.  Data  relating  to 
these  features  Includes  the  frequency  of  stream  valleys. 
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the  mean  width,  and  a  qualitative  notstion  of  the  steep¬ 
ness  of  the  banks.  The  fz’equency  data  were  used  to 
determine  the  relative  accessibility  of  areas  through 
stream  valleys.  The  width  data  provides  information 
on  possibje  limitations  of  vehicle  size;  and  informa¬ 
tion  on  steep  banks  indicates  areas  in  which  stream 
valleys  can  be  used,  but  without  exits  to  the  surround¬ 
ing  terrains  (where  banks  are  steep  and  high,  the  GEM 
cannot  climb  out  of  the  valley). 

Special  drainage  features  were  also  considered  to 
provide  additional  data  for  operation  in  these  areas. 

Among  the  features  considered  were  swaiQpSi  marshes, 
canals,  irrigation  ditches,  rapids  and  waterfalls, 
glaciers  and  ice  cover,  areas  of  Internittent  streams, 
fiords,  and  areas  of  underground  drainage  (karst 
topography). 

Data  on  surface  cover  by  vegetation  provides  addi¬ 
tional  background  for  determining  necessary  operating 
heights  of  the  vehicles.  Area  olacslfled  as  dense  forest 
is  that  where  growth  is  too  tall  to  fly  over,  too  closely 
spaced  to  travel  between,  and  of  sufficient  density  to 
require  large-scale  clearing  opare.tions  (with  bulldosers 
and  power  equipment).  Vegetal.  *'  niassified  as  bivsh 
does  not  have  the  height,  d-nsity,  or  spaolrg  character¬ 
istics  of  that  indicated  as  forest.  Notations  as  to  the 
normal  height  distribution  or  spsoing  of  such  cover  was 
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added  to  the  percentage  breakdovm.  Vegetation  described 
as  grass  includes  areas  of  savannah  with  widely  scattered 
tall  trees  and  other  brush. 

Cultivated  areas  include  irrigated  crops,  root 
crops,  grains,  and  tree  crops,  with  a  notation  of  the 
normal  height  of  the  crop  during  the  growing  season. 

Swamp  and  marsh  areas  include  vegetation  appropriate  to 
such  regions  (in  some  cases,  mangrove  forest  and  other 
dense  trees).  Other  foms  of  vegetatio.n  and  ground 
cover  Include  barren  rock,  ice  caps  and  glaciers,  lava 
flows,  and  desert  and  semi-desert  vegetation,  as  well  . 
as  areas  of  dunes  and  loose  sand. 

The  evaluation  of  an  area  for  oross-oountry  or>era- 
tions  provides  a  further  check  on  the  signlficanoe  of 
all  the  precedlitg  features,  as  well  as  one  standard  by 
which  OOI  capabilities  oou^d  be  coapared  with  those  of 
other  vehicles.  For  purposes  of  this  study,  the 
standard  unit  of  corparison  for  cross-country  operations 
is  a  lull  tracked  vehicle,  exemplified  by  the  medium 
tank  type.  Areas  unsuitable  for  cross-country  opera¬ 
tions  with  tracked  vehicles  were  specified  as  a  percen¬ 
tage  of  the  total  land  area  within  the  particular 
geographic  unit,  and  notation  the  primary  cross¬ 
country  obstacles  was  made;  e.g.,  steep  slopes,  dense 
forest,  rough  ground,  etc. 
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In  addition  to  all  the  foresolr.^  items,  special 
features  considered  to  be  pertinent  to  the  operations 
of  Ground  Effect  Machines  have  been  listed  In  separate 
notations  for  each  of  the  geographic  units  In  which  they 
are  found.  These  features  are  those  which  will  have  a 
primary  influence  on  operating  I'equlrements  and  design 
parameters  for  OQl  vehicles  In  a  given  ai'ea.  Primarily, 
they  az^  terrain  obsbaoles.  which  may  Include  cultut'al 
features  such  as  road  embankments  and  Irrigation  ditches. 
However,  military  obetAclen  are  not  Included  In  this 
breakdown  (for  which,  see  discussion  under  Combat 
Environment,  Chaptei*  III).  Complete  discussion  of 
these  features  Is  given  In  the  area  suBaaarles;  a  few 
examples,  however,  are  listed  below: 


Place  Feature 


Useful  Huirt>er 


Malaya 


Rubber  Separation  of  trees 

plantations  IS-BO  feet 


Sahara  Desert  Sand  dunes 

Arabian  Sand  dzines 

Peninsula 


Lee  slopes  30>60]f 
(170.300) 

Lee  slopes  to  100)( 


Bast  China  Rail  and  road  Height  3**^  feet 
embankments  on  above  plain 
flood  plain 


Thailand  Rice  paddles  Dikes  2  feet  high, 

3  feet  wide,  spaced 
about  100  feet, 
••ddles  are  dry 
during  the  non¬ 
growing  season.) 


United  Kingdom  Hedges  Height  4-15  feet 

ft  Ireland 


110- 


U.K.  &  Ireland 

il'oOne  walls 

Height  2-6  feet 

Belgium  & 
Netherlands 

Irrigation 

ditches 

3- 4  feet  deep  by 

4- 8  feet  wide. 

Larger  canals  5  f^^t 
deep  by  15  feet  wide. 

Italy 

Hlllsi le 
cultivation 

Terraces  3  feet  high, 
with  wallc  2-5  feet 

Finland 

Bakers 

Earth  ridges  with 
slopes  of  50-70j<  up 
to  100  fe*»t  high 
extending  for 

5-15  miles 

Numerous  other  features  of  similar  kind  have  been 
described,  and  are  contained  within  the  data  for  the 
specific  geographic  units. 

The  geographic  data  for  terrain,  vegetation,  and 
the  other  features  listed  above  are  cosasonly  available 
In  terms  of  political  units,  and  the  data  have  been 
recorded  In  this  manner.  In  order  to  facilitate  oorre" 
latlon  with  the  climatic  and  weather  data  discussed 
earlier  in  the  chapter,  these  political  units  have  been 
further  broken  down  Into  the  climatic  sones.  The  data 
appendix  (Appendix  B}  lists  political  units,  climate 
zones,  and  the  area  of  each  climate  tone  wi*-hln  each 
political  unit.  This  breakdown  of  data  units  allows  a 
wider  range  of  applications  for  the  data  sleMnt  .  so 
that  analyses  and  sussurles  can  v.  ^•veloped  on  any 
desired  basis. 
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The  remainder  of  ^his  section  Includes  a  discussion 


of  the  world -wide  natural  envlroniaenc  for  overland  opera¬ 
tions  of  military  vehicles,  slanted  toward  the  Ground 
Effect  Machine  only  to  the  extent  that  factors  not 
significantly  affecting  GSM  operations  (e.g.,  bearing 
strength  of  soils)  have  been  neglected.  The  discussion 
is  presented  In  terms  of  continental  land-mass  areas. 

A  few  of  the  most  Important  data  elements  from  Appendix 
B  have  been  summarized  In  Table  5.  These  elements  arc 
among  those  considered  in  the  discussion;  the  numexdcal 
tabulation  merely  highlights  the  over-all  geographic 
framework  for  overland  operations. 

A  generalized  map  of  world-wide  suitability  for 
overland  OEK  operations  is  given  In  Figure  13.  This  map 
was  derived  from  the  prepared  environmental  data  of 
Appendix  B.  In  a  very  general  manner,  it  represents 
the  areas  of  the  world  which  are  suitable  for  various 
kinds  of  OBN  operations.  The  four  o|itegories  included 
in  the  figure  are: 

1.  Unrestricted  overland  operations  -  flat  lands, 
few  obstacles,  barren  or  grass  covered. 

2.  Limited  overland  operations  •  flat  and  >artly 
hilly  lands,  many  obstac.  ‘  barren,  grass, 
or  brush  covered,  stream  valleys  within  area 
at  least  partly  usable,  and  banks  do  not  form 
major  barriers. 
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FIGURE  13 

Suitability  for  Overland  GEM  Operations 


I 


3.  Inland  waterst.;'  operatlonti  only  -  forested 
and  rough  lands  with  wide  waterways  provide 
OBI  access  to  nost  of  ax«a;  OBRs  will  not 
generally  he  able  to  leave  stream  valleys.  In 
some  places  restricted  to  water  surface  only. 

4.  No  QBH  operation  -  forested  and  rough  lands, 
including  areas  of  steep  slopes,  where  OEMs 
will  he  usable  only  for  very  limited  local 
operations. 

The  Antarctic  region  is  not  included  in  Plgure  13, 
but  in  general  the  interior  glacier  areas  of  the  Antarctic 
Continent  will  be  available  for  limited  operation  of 
OEMs  equipped  with  snow>r«moval  devices,  navigation 
equliHsent,  and  cold -weather  kits.  (See  Induced 
Environment,  Chapter  III.) 

This  map  is  coordlnaSed  with  Figure  14  followi^^ 
page  171  indicating  suitability  of  coastal  areas  for  OBI 
operations.  Aecordiagly,  Figure  i4  should  be  referred 
to  for  a  generalised  asaeaamant  of  operations  in  the 
coastal  regions. 

Note:  Figures  13  and  14  are  intended  as  generalised 
appraisals  of  suitability  for  ***  operationa  only,  and 
Should  not  be  used  to  plan  ttoecific  operabicns  in  any 
given  location. 
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(2)  Natural  Features  of  World  Continents 
1.  Eurasia 

The  Eurasian  land  mass  extends  through  210° 
of  longitude  and  Includes  more  than  one-third  of 
the  total  land  area  of  the  earth.  Climate  features 
and  influences  have  been  treated  on  a  unified 
basis  In  Sedtlon  2  of  this  chapter.  In  order  to 
provide  additional  clarity  In  the  discussion  of 
uilitary  geogimiphyj  B<mie  further  breakdown  of 
Eurasia  Is  desirable.  The  old  Europe-Asla  boundary 
at  the  Ural  Mouritalns  no  longer  has  much  meaning 
because  of  the  eastward  development  of  the  Soviet 
Union.  In  fact,  the  vast  land  area  of  the  U.S.S.R. 
(more  than  8.6  million  square  miles),  and  Its 
diversities  from  both  European  and  Aslan  neighbors 
leads  to  a  convenient  three-way  division.  This 
chapter,  then,  dlsoxisses  military  geography  as 
related  to  OM  operations  fort 

Europe  (without  U. 8.8.11.) 

U.8.8.E.,  and 

Asia  (without  U.9.8.N.). 

This  Is  the  breakdown  now  uelng  generally  ad.pted 
by  the  geographers. 


(l)  Burope 


Europe  (without  n.S.S.R.)  Is  a  coiiQ>aet 
triangular  cof.clnent  of  Just  under  2  million 
square  miles.  Because  of  the  dense  urbaniza¬ 
tion  and  Industrial  develojasent  In  Western 
Europe^  cultural  features  have  a  slgnl 'leant 
bearing  on  the  over-all  military  geography. 
Even  so>  the  diversity  of  terrain  and  vegeta¬ 
tion  throughout  Surope  remains  the  aajor 
Influence  In  defining  the  natural  environment 
for  operation  of  the  Ground  Effect  Xaohine. 

The  physical  geography  of  Burope  Includes 
an  almost  equal  division  of  lowlands  and  high¬ 
lands.  The  highlands  consist  of  three  belts) 
the  northern  hii^lands  extending  through  most 
of  the  Soandlnavian  ?enlnsula  ana  reappearing 
In  the  British  Isles)  the  central  highlands 
of  eastern  France^  southern  OeroHly*  and 
southern  Foland)  and  the  southern  highlands 
of  the  Iberian  Peninsula*  Switserlend*  Italy* 
Yugoslavia*  and  Greece.  Between  the  northern 
and  central  midlands  sr-e  large  central  low¬ 
lands*  the  "heartir  of  Europe.  Smaller 
Hedlterranean  an*:  eastern  lowlands  fill  out 
the  continent.  The  rugged  subarctic  Island 
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of  Iceland  l.j  Included  in  the  area  of  Europe. 
Its  glaciers  and  lava  flows  do  not  allow 
any  extensive  cross-couitry  operatioriS. 

In  terms  of  mllltaxy  geography ^  these 
divisions  are  very  significant.  The  northern 
highlands  in  Norway  and  Sweden  are  a  rugged 
chain  of  mountains  with  slopes  almost  every¬ 
where  greater  than  30  per  cent.  These  moun¬ 
tains  are  extensively  cut  by  fiords  on  the 
western  coast,  with  cllffed  walls  rising 
precipitously  from  the  water's  edge. 

Eastern  slopes  of  the  Scandinavian  PeiUnsula 
are  steps  down  to  a  broad  forested  lowland, 
which  includes  much  of  Sweden  and  most  of 
Finland. 

In  contrast  to  the  northern  highlands, 
the  central  lowlands  provide  very  little 
topographic  variety.  In  Denmark,  northern 
Oemany,  Poland,  the  6enelv*x  countries  and 
western  France,  the  terrain  is  almost 
everywhere  low  and  gentle,  with  about  60 
per  cent  of  the  area  having  slopes  less 
than  1C  per  cent,  ""^e  British  Isles  have 
some  rough  up Ian 'a  hut  may  u«  included  in 
the  central  lowianos  region. 
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The  cer>t”')l  highland, In  eastern  France 
and  southern  Oensany  are  not  as  rugged  as 
those  In  the  northern  or  southern  parts  of  the 
continent.  In  the  east  they  become  the 
Oarpathlan  Mountains  of  Poland, 

Czechoslox’akla,  and  Romania.  The  central 
hlghlarids  merge  with  the  southern  highlands 
In  the  Alps,  a  formidable  mountain  barrier 
extending  from  southeast  Prance  across  northern 
Italy  and  Into  Vxigoslavla,  and  containing 
most  of  Switzerland  and  Austria.  The  Alps 
reach  15,000  feet  In  height  and  are  every¬ 
where  a  severe  Impediment  to  military  opera¬ 
tions.  The  extensions  of  the  southern  high¬ 
lands  Into  Spain,  Italy,  Yugoslavia,  and  Oreeoe 
are  not  as  high,  but  Just  as  rugged  as  the 
Alps. 


In  addition  to  a  narrow  coastal  plain  on 
the  Mediterranean  coasts  of  Burope,  there  Is 
a  densely  developed  lowland  In  the  Po  Valley 
of  northern  Italy,  and  broad, 
featureless  plains  in  Hungary  and  Romania. 

Numericai  datr  ''n  Buropean  terrain  fea¬ 
tures  are  Included  in  Appenpix  B,  and 
suBnarized  In  Table  5<  leas  tluui  3  per  cent 


of  Europe  Ip  pltxiated  at  .‘‘ititudes  above  5000 
feet,  and  thle  la  all  In  mountain  areas. 

About  90  per  cent  of  the  area  between  3000 
jmd  5000  feet  altitude  Is  also  In  areas  of 
steep  slopes  and  rugged  terrain.  The  over¬ 
all  division  of  slopes  In  Europe  Is:  0-10 
per  cent  slope,  52  per  cent;  10-30  peitocent 
slope,  25  per  cent;  over  30  per  cent  slope, 

23  per  cent. 

Drainage  characteristics  of  Europe 
consist  of  many  sisall  rivers  with  a  frequency 
of  15-4C  miles.  In  about  two-thirds  of  the 
area,  these  are  over  6o  feet  wide,  but  In  a 
few  places  they  are  lees  than  30  feet  wide. 
Banks  of  river  valleys  are  not  gemrally 
steep  except  In  mountain  areas.  The  banks  of 
rivers  which  have  been  canallced  are  mostlj 
steep,  30-100  per  cent,  and  up  to  10  feet 
high.  In  Spain,  Portugal,  Greece, 

Swltserland,  and  Austria,  most  rivers  are 
narrow,  rooky,  and  have  ste^i*  banhs:  thus, 
they  cannot  be  used  as  access  routes  in  these 
areas.  Materfalls  and  japids  are  coma,  n  on 
the  eastward  flowing  r-  of  the  Scandinavian 
Peninsula,  wlill«  those  on  the  west  are 
mostly  steep  mountain  streams  emptying  Into 
numerous  fiords. 
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Most  of  larger  r:’verD  of  Europe  have 
artificial  channels  and  are  connected  by 
nioserous  canals.  This  network  provides  many 
water  routes  through  France,  Oemany,  Poland, 
Hungary,  and  the  Beneliu  countries.  Many  of 
the  canals  have  widths  of  30  feet,  with 
steep  banks. 

In  western  Yugoslavia  and  Albania  Is  a 
large  area  of  karst  topography  with  subsurface 
drainage,  and  almost  no  streams.  The  rough 
surface  of  this  area  has  many  sinkholes  and 
rocky  areas. 

Vegetation  In  Europe  Includes  a  dense 
forest  belt  in  the  north  and  many  small 
forests  scattered  throughout  the  rest  of 
the  area.  Dense  forests  oover  35  per  cent  of 
Europe,  including  15  per  cent  in  mountainous 
areas.  The  lowlands  of  Europe  are  extensively 
cultivated  croplands  rover  more  than  38 
per  cent  of  the  continent.  Host  of  the  areas 
have  vegetation  oover  not  exceeding  A  feet 
high  in  growing  seasons.  Qrasslands  and 
pasture  oover  about  ^  eer  oent  of  Europe. 
Karshes  and  bogs  ure  eosnon  xn  Finland  and 
southern  Sweden,  and  also  occupy  extensive 


areas  In  Ire?..'ind,  Czeehor'  ;va}cla,  and 
Rooanla.  There  are  very  few  desert  areas 
In  Surope>  but  sand  dunes  are  common  on 
the  coasts  of  Prance,  Belgium, 

Netherlands,  and  Denmark. 

Because  of  the  dense  urbanization  of 
Europe,  cultural  features  are  Important  In 
military  geography.  Included  among  these 
featiires  are  the  many  Irrigation  canals  and 
ditches  of  the  lowlands  In  northwest  Europe 
and  on  the  eastern  plains.  Most  of  tltese 
are  feet  deep  and  3*10 -feet  wide,  but 
some  are  up  to  10  feet  deep  and  30  feet 
wide.  Earthen  banks  have  slopes  of  100 
per  cent.  Olkea  and  ambanloaents  up  to 
10  feet  high  are  also  ooaaMn.  Another 
cultural  feature  la  the  large  nuaiber  of 
densely  built-up  manufacturing  cities,  where 
concentration  of  buildings  along  narrow 
streets  Is  an  obstacle  to  movement.  In  most 
areas  of  western  Europe,  the  «xlrt*ng  rail 
and  highway  netwozics  provide  good  transporta¬ 
tion  routes. 

These  terrain,  drslnagv,  vegetation  and 
cultural  features  may  be  tied  together  by  an 
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evaluation  of  the  over-all  cross-country 
mobility.  Using  the  conventloiul  tracked 
vehicle  as  a  reference  base,  cross-country 
suitability  itmges  from  95  pez*  cent  In  Poland, 
down  to  25  per  cent  In  Norway  and  Sweden. 
Throughout  the  continent,  about  50  per  cent 
of  the  area  Is  siiltable  for  cross-country 
operations.  The  remaining  50  per  cent  Includes 
steep  and  rugged  areas  —  30  per  cent  of  the 
total;  dense  forests  12  per  cent,  wet  and 
marshy  gro\md  about  3  per  cent,  and  other 
unsuitable  terrain  about  5  per  cent. 

Throughout  Burope  are  a  number  of 
special  features  which  may  be  especially 
pertinent  to  OBN  operatlms.  These  Include 
the  many  canals  and  ditches  previously  dis¬ 
cussed.  In  northwest  Burope  and  on  the 
Mediterranean  Islands,  walls  and  hedges  are 
cooaon  along  roads  and  bordering  most  fields. 
Stone  walls  are  oostaonly  4-6  foet  high  and 
2  feet  wide.  Badges  may  be  up  to  15  feet 
high;  In  Prance  some  are  on  earth  embank¬ 
ments.  In  the  eastern  plains,  roads  r  u 
railroads  are  often  ^ ' t  on  earth  embank¬ 
ments.  Kllield**!  In  Italy  and  Greece  are 
terraced  for  cultivation,  with  steps  2-4  feet 


high  and  10-3.CC  faat  In  Finland  ara 

a  number  of  glacial  eskers  —  steep  earth 
ridges  3-4  mil's  apa^t  in  the  south,  with 
slopes  of  30-70  per  cent  and  extending  for 
5-15  miles.  The  surface  of  Iceland  is 
covered  by  rough  lava  flows.  In  almost  all 
eases  the  islaxui'i  off  the  Atlantic  and 
Arctic  coasts  of  Xurope  have  no  areas 
suitable  for  OAM  operations  except  In  the 
coastal  regions . 

The  ge  'eral  military  geograpixy  of 
Europe,  with  most  lowlarid  areas  highly 
urbanized,  does  not  offer  much  advantage  for 
QBI  operations.  Because  of  the  existing  good 
transpcrtatlor  netwoxic,  the  OW  Is  not  ex- 
peotud  to  find  a  major  use  for  overland 
opa/atlons  except  In  limited  areas.  Durlxig 
the  spring  thaw,  however,  many  of  the  low¬ 
lands  areas  are  eoft  and  weti  and  under  theee 
olroiButanoee  OWt  may  be  used  to  advantage. 

(2)  q.S.S.E. 

The  Bhlon  of  So'rlet  Soulallet  Rep  ^lloe 
occupies  more  than  cme-w  '*nth  of  the  aarth'e 
land  area.  The  U.8.8.R.  etretohee  aoroea 
the  top  of  Buraela  fress  the  Baltic  8ea  to  the 


Bering  Sea,  noarly  70C0  nules.  Its  vast 
territory  enccffl^aseeB  the  East  European 
Plain,  the  Ural  and  Caucasus  Mountains, 
the  frozen  Siberian  Plain,  and  rough  Siberian 
Uplands;  along  most  of  the  southern 
boundary  are  inhospitable  mountainous 
regions.  Quite  apart  from  political 
Implications,  the  vast  and  comparatively 
Isolated  land  area  of  the  U.S.S.R.  Is 
worthy  of  separate  consideration  In  respect 
to  the  natural  environment  for  the  Ground 
Effect  Machine. 

The  U.S.S.R,  can  be  divided  Into  five 
regions  for  analysis  of  military  geography. 
The  western  part  of  the  U.S.S.R.  Is  a 
continuation  of  the  part  of  the  Uentral 
Burepean  plain.  Ninety  per  cent  of  this 
area  lies  below  1000  feet  and  has  slopes  less 
than  10  per  cent.  In  the  south  and  east, 
there  is  a  mountain  fringe.  The  southern 
mountains,  the  Caucasus,  form  s  .A.gced 
boundary  between  the  U.S.S.R.  and  Turkey 
and  Tran.  The  central  Uguuasus  barrle.  can 
be  circumvented  by  the  -  "V  Sea  ind  the 
Caspian  Sea. 


The  southern  sectioi.  of  Sorlet  Central 
Asia  l8  predominantly  an  arid  lowland^  bordered 
by  mountains  on  the  east  and  south,  and  the 
Caspian  Sea  depression  on  the  west.  This 
region  Is  25  per  cent  desert,  northern 
section  of  Soviet  Central  Asia  contains  the 
Ural  Mountains,  and  most  of  the  Oreat 
Siberian  Plain,  a  vast  cold  lowland.  Almost 
90  per  cent  of  this  region  has  slopes  of 
less  than  10  per  cent. 

The  eastern  Siberian  Coplands  area, 
bordering  on  Mong^  ia,  China,  and  Korea,  Is 
the  largest  physical  division  of  the  U.S.S.R. 
This  region  la  an  area  of  plateauc  and  low 
mountains,  bordered  by  a  frosen  Arotlo  coastal 
plain.  Kxoept  for  this  coastal  plain,  the 
Sastem  Siberian  Uplands  are  70  per  cent 
hills  and  mountains,  with  slopes  exceeding 
30  per  cent  In  about  one>thlrl  of  the  area. 

The  over-all  termln  characteristics  of 
the  U.S.S.R.  are  broad  plains  mostly  below 
1000  feet,  divided  by  the  north-south  Ural 
Mountains,  and  bor'"*<l  on  the  south  and  east 
by  rugged  hlghla  ris.  Of  the  total  a  *00  of 
8,650,000  square  miles,  IS  per  cent  has 


slopes  greater  than  30  per  cent,  and  22  per 
cent  has  slopes  of  10-30  per  cent.  Tvfo  per 
cent  of  the  l^nd  area  lies  ehove  5000  feet, 
but  this  is  mostly  in  mountain  areas  with 
steep  slopes. 

The  drainage  characteristics  of  the 
n.S.S.R.  reflect  the  diversity  of  climates 
and  terrain  within  the  region.  In  the 
southern  part  or  Soviet  Central  Asia  most 
streams  are  intermittent  and  dissipate  in  the 
desert  basins.  Throughout  the  rest  of  the 
U.S.S.R.  are  distributed  a  number  of  large 
rivers  from  30-100  miles  apart.  Most  of 
these  flow  northward  to  the  Arctic,  but  the 
Volga,  Dnepr  and  Ural  Rivers  flow  south  to 
the  Blaok  Sea  and  Caspian  Sea.  Rivers  are 
generally  over  100  feet  wide,  except  in  the 
mountains.  Banks  are  gradual  in  the 
plains  areas,  but  steep  In  the  mountains  and 
arid  regions.  The  north-south  rivers  of  the 
U.S.S.R.  are  xised  as  waterways 

during  the  sweer  months.  Rivers  are  frosen 
solid  from  November  to  Nay  in  the  noi  b, 
arul  from  Deoember  to  •«..  In  the  sout-.h. 

Often  the  ioe-ouvered  surface  is  rough;  Ice 
Jams  form  during  the  spring  thaw. 


The  nortb'^m  plains  'rave  aany  narsh 
areas,  which  are  quite  Impassable  when  thawed. 
In  addition,  there  are  Irrigation  ditches 
along  streams  In  the  arid  regions  of  the 
Caucasus  and  Soviet  Central  Asia. 

Vegetation  follows  the  cUaatlc  bands, 
with  stronger  latitudinal  Influence  than  in 
other  regions  of  the  world,  nie  Arctic 
coastal  plain  Is  mostly  covered  with  barren 
ttmdra  or  sparse  brush.  Adjoining  this  Is 
a  wide  forest  belt,  with  dense  forcets  In  the 
western  area,  and  bnash  woods  toward  the 
east 9X1'.  regions  of  the  Siberian  Uplands. 
Altogether,  dense  forests  cover  20  per  cent 
of  the  n.S.S.R.  South  of  the  ^oxrest  belt 
are  the  grasslands  of  the  Siberian  steppe. 

In  the  western  region,  the  steppe  Is  extent 
slvely  cultivated  (50  per  cent  of 
luxropean  Russia).  Scattered  among  the 
foreats  and  grasslands  are  maaerous  marshes, 

6  per  cent  of  the  total  area  :.he  U.8.8.R. 
These  are  predominantly  fxrosea  for  a  few 
months  during  Uie  winter.  Barren  dese.  (-j  and 
sparse  desert  vegetatxw.  *''vers  the  so'^them 
part  of  Soviet  u>ntral  Asia.  Twenty  per  cent 
of  this  region  Is  covered  by  low  sand  dunes 
(3  per  cent  of  the  U.8.8.R.). 
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Cultural  features  are  verr  limited 
except  in  the  western  Industrial  and  agri¬ 
cultural  areas.  Limited  Irrigation  features 
are  scattered  throughout  the  drier  regions. 

The  over-all  evaluation  of  the  U.S.S.R. 

In  terns  of  cross-country  operations  Indicates 
that  about  43  per  cent  of  the  area  Is  suitable 
for  operation  of  conventional  tracked 
vehicles.  The  dry  regions  of  Soviet  Central 
Asia  are  generally  suitable  for  cross-country 
operations.  In  other  regions,  cross-country 
capability  ranges  from  25  per  cunt  In  the 
rough  Bastem  Siberian  Uplands  to  60  per  cent 
In  the  central  plains.  Sianary  Table  3  shows 
that  the  main  lectors  Influencing  cross¬ 
country  operations  art  steep  slopes,  forests, 
and  soft  ground.  The  Arctic  tundra  Is 
suitable  for  cross-country  operations  only 
when  froten  (6  to  8  sKmths  of  the  year). 

UBt  operations  lii  the  U.S.S.R.  would 
be  generally  unlimited  In  the  hrcad  plains 
regions.  Vhere  the  plains  are  densely  forested 
In  the  west,  river  valleys  could  be  usud. 

The  desert  regions  arounu  .  .e  Casplau  S«a 
would  not  provide  much  obstacle  to  UMs 
Because  of  their  low  ground  p)asau.>^,  aaNa 


could  opex'atf:  >.n  the  tundia  even  when  It 
Is  thawed.  By  the  use  of  north-south  river 
valleys  (elthe-*  frozen  or  open),  QBfs  could 
reach  most  areas  of  western  and  central 
Siberia.  For  operations  in  the  northern 
areas  vehicles  would  need  protection  against 
the  effects  of  cold,  and  special  considera¬ 
tion  of  the  rough  ice  surfaces  likely  to 
be  encoimtered. 

(3)  Asia 

Asia  is  the  continent  of  great 
diversities;  cliaate,  population,  economic 
development,  and  military  geography. 
Determination  of  the  natural  environment  for 
overland  operations  of  the  Ground  Kffeot 
Machine  requires  Integration  of  the  climatic 
and  geographic  elements.  It  has  been 
presumed.  In  addition,  that  any  detailed 
arialysla  of  military  op«ratlons  in  Asia  must 
consider  the  signirioance  of  the  diverse 
population  distribution  and  economic 
development  level  within  this  vast  cor^Mteut. 

Climatic  lnfluenoe»  ' '  Asia  have  been 
discussed  in  Section  2  of  this  ehapter.  The 
contisst  between  the  arid  interior  and  wet 
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coastal  regions  has  a  significant  Influence 
on  potential  GEM  operations.  Equally  slgrilfl- 
c^nt  Is  the  diversity  of  terrain  and  vegeta¬ 
tion  elements*  which  are  Interrelated  with  the 
climatic  factors. 

Exclvullng  the  territory  of  the  U.S.S.R., 
Asia  remains  a  continental  land  mass  of 
limense  proportions.  It  stretches  frcm 
Turkey  to  Japan*  from  Mongolia  to  Indonesia; 
with  a  total  land  area  of  10.7  million  square 
miles*  Including  the  Island  fringe. 

The  physical  geography  of  Asia  Is 
centered  on  a  high  central  plateau  surrounded 
by  rugged  mountain  chaias  radiating  east* 
west*  and  south  to  the  oceans.  Bast  and  west* 
the  mountains  tom  most  of  the  boundary 
between  the  U.S.S.R.  and  the  countries  of 
Asia.  On  the  west  these  mcmntains  extend 
through  Afghanistan*  Iran,  and  Turkey* 
dividing  the  arid  Arabian  feninsula  from  the 
equally  arid  central  Aslan  deserts,  iitest- 
ward  the  mountains  stretch  across  northwest 
China  and  Mongolia.  A  second  eastward 
extending  range*  the  Himalaya...  Isolate 
the  Gobi  Deaevt  and  the  Matcau  of  Tibet 


from  the  rcct  f'f  the  contirsent;  then  turn 
southward  to  form  the  rugged  backbone  of 
Burmaj  Thailand,  and  Indochina.  Rugged 
highlands  are  prominent  throughout  the  rest 
of  the  continent,  particularly  In  Korea  and 
the  Island  fringe  •  Japan,  the  Philippines, 
and  Indonesia.  Almost  everywhere  the  high¬ 
lands  descend  abruptly  to  coastal  plains 
which  are  densely  forested  or  cultivated. 

A  few  broad  lowland  valleys  exist  In  Iraq, 
Pakistan,  India,  Burma,  Thailand,  Indochina, 
and  eastern  China.  These  broad  lowlands 
arc  literally  filled  to  overflowing  with 
hximanlty  and  densely  cultivated  areas. 

Asia  Is  the  highest  of  the  continents, 
except  .Antarctica,  with  a  mean  altitude  of 
more  than  3000  feet.  About  11  per  cent  cf 
the  land  area  Is  between  3000  and  10,000  ftet,  9 
per  cent  between  10,000  and  15,000  feet, 
end  4  per  cent  above  15,000  feet.  With  the 
exception  of  bmall  areas  on  the  Iranian 
Plateau  and  the  western  parts  of  China,  most 
of  these  hlghlaxuis  ere  in  mountainous  r^as. 

The  large  rough  Plate...  Tibet  has  an 
altitude  of  10,0u0  to  13,000  feet,  but  it  is 
entirely  encircled  by  rugged  mounttln  ranges. 
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The  backbone  c:'  Asia  is  associated 

with  areas  of  predominantly  steep  slope. 

Slopes  greater  than  30  per  cent  ai'e  found 
in  25  per  cent  of  the  continental  land  mass, 
and  slopes  of  10-30  per  cent  make  up  25  per 
cent  of  th3  area.  In  addition^  many  of  the 
plateaus  of  central  Asia  are  isolated 
by  one  or  more  mountain  ranges.  Appendix 
S  contains  altitude  and  slope  data  for  all 
the  countries  of  Asia,  coordinated  through 
the  climate  zones. 

Drainage  characteristics  vary  greatly 
across  the  breadth  of  Asia.  Asia  contains 
some  of  the  great  river  systems  of  the  world t 
Yellow*  Yangtze*  Mekong*  Irrawaddy* 

Brahn^utra*  Ganges*  Indus*  and  flgrls- 
Suphrates,  Yet*  about  one-third  of  Its  area 
either  contributes  no  surface  drainage  at 
all*  or  its  drainage  is  evaporated  In  Interior 
baolns. 

Although  river  valleys  fora  aa.lor  barriers 
to  cross-country  movement  In  much  of  southern 
and  eastern  Asia*  use  as  potential  OBI 

access  routes  Is  '1ml tod  to  a  few  areas. 

In  China*  the  Yangtze  and  Yellow  River  drainage 


-1»- 


basins  have  vcpt  flood  plains  which  from  time 
to  time  are  Inundated  by  floods*  forming  areas 
of  water  and  mud  several  hundred  miles  wide. 
Other  rivers  in  China  are  generally  over  60 
feet  wide,  and  separated  by  30  to  100  miles 
except  in  the  arid,  high,  western  plateaus. 
About  half  the  rivers  in  China  have  steep 
banks.  In  Korea  and  Japan,  river  valleys 
are  separated  by  3>30  miles,  but  some  are 
not  more  than  40  feet  wide  and  banks  are 
predominantly  steep.  In  Indochina,  Thailand, 
anu  dumut,  the  Mekong  and  Irrawaddy  Rivers 
are  the  primary  stream  valleys.  Both  have 
largH  flooded  delta  areas,  extensively 
cultivated.  Banks  of  these,  and  the  many 
smaller  rivere  are  predominantly  steep.  The 
rivers  of  India  are  mostly  wide,  many  of  them 
over  750  feet,  nte  Oanges,  Brahmaputra  and 
Indus  valleys  are  much  used  as  Inland  water¬ 
ways.  In  addition,  they  support  huge  numbers 
of  people.  Kxoept  In  the  desert  axes  of 
northwest  India,  stream  valleys  are  separated 
by  20-100  miles,  with  banks  steep  on  about 
one-half.  The  rivers  on  the  western  scopes 
of  the  peninsula  of  India  ^.<0  all  steep  and 
I'ooky . 
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North  and  west  of  Irrlla,  the  drainage 
characteristics  are  quite  different.  T^irough 
western  China.  Afghanistan,  Iran,  the  eastern 
Mediterranean  countries,  and  the  Arabian 
Peninsula,  stream  valleys  are  more  widely 
scattered  and  most  streams  are  Intermittent. 
Banka  of  stream  valleys  are  predranlnantly 
steep  except  In  the  sandy  deserts  of  Iranr.artd 
Arabia.  A  notable  exception  to  this  arid 
drainage  is  the  broad  Tigris •Evq;)hrate8  plain  .. 
at  the  head  of  the  Persian  Oulf.  These  well- 
controlled  rivers  supply  a  major  agricultural 
region.  Steep  levees  enrloee  most  of  the 
lower  courses  of  the  Tigris  and  Sjqphrates, 
and  their  delta  area  Is  extensively  Irrigated 
for  crops.  Ihe  Jordan  rift  valley  is  laore 
of  a  terrain  obstacle  than  an  avenue  of  access, 
since  its  passage  between  the  Sea  of  Qalilee 
and  the  Dead  Sea  is  entrenched  la  a  steep, 
rooky  gorge.  Rivers  on  the  Asian  southern 
fringe  islands  --  Taiwan,  the  Philippines, 
Indonesia,  and  New  Oulnea  —  are  awstly 
between  60  and  250  feet  wide  and  have  steep 
banks. 

Many  smallt.:*  stream  valleys  throughout 
the  coastal  regions  of  Asia  could  potentially 


be  used  for  GBl  aiiQ>blbiou^i  opemtlons^  as 
discussed  in  the  next  section. 

In  addition  to  stream  valleys,  Inqportant 
drainage  features  In  Asia  are  canals,  swamps, 
and  irrigation  areas.  Extensive  coastal 
marshes  are  common  In  the  Philippines, 
Indonesia,  along  the  Halay  Pexilnsula,  and  In 
the  delta  areas  of  the  rivers  of  Indochina 
and  India.  Flood  plains  of  the  Yangtze  and 
Yellow  Rivers  in  eastern  China  are  subject  to 
inundation  by  flood  waters.  Navigation 
canals  are  important  in  eastern  China,  India, 
and  Ceylon.  These  are  generally  over  60  feet 
wide,  but  some  narrou  to  30  feet  at  bridges. 

In  a  few  areas,  the  lower  courses  of  rivers 
are  controlled  by  dJOces  and  levees. 

Because  of  ttM  pressing  need  for  food, 
most  of  Asia’s  arable  lowlands  are  extensively 
cultivated  in  rice  and  other  crops.  Irriga¬ 
tion  features  are  ooomon  in  most  coastal 
plains  and  river  deltas.  Typical  rice  paddy 
areas  ere  divided  into  sections  about  ?00 
feet  square,  with  2  feet  high  and  3  feet 

wide.  The  padd: .s  ^re  usually  drained  during 
the  nongrowing  season.  In  scsw  places,  deep 
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rice  cultivation  Is  used  cn  flood  plains, 
with  dams  6  to  10  feet  high  retaining  the 
flood  waters.  Irrigation  ditches  are  commonly 
1  to  2  feet  deep  and  10  feet  wide,  with 
larger  canals  3  to  10  feet  deep  and  5  to  ^0 
feet  wide.  In  Thailand,  canals  10  to  13  feet 
deep  and  120  feet  wide  are  spaced  3000-6000 
feet  in  the  lowlands,  with  locks  at  river 
junctions.  Irrigation  features  are  not 
ooamion  In  the  Philippines,  Mew  (Kilnea,  and 
Indonesia,  except  on  the  Island  of  Java. 

Vegetation  coverage  in  Asia  reflects 
the  climatic  diversity  of  the  region. 

Southeast  Asia  la  predominantly  densely 
forested,  while  the  central  Asian  plateaus 
and  mountains  are  sparsely  covered  with  grass 
and  brush,  or  barren  desert.  Dense  forests 
cover  22  per  cent  of  Asia,  Including  most  of 
Indochina,  Thailand,  Burma,  southern  India, 
Ceylon,  and  Malay  Peninsula,  and  Indonesia. 
Scattered  forest  regions  ar:r  fo';.na  In  north¬ 
east  China,  Korea,  Japan,  and  Turicey.  By 
contrast,  AfShanista:i,  Iran,  the  Arabi.«ri 
Peninsula,  the  «asten>  .  '*iterranean 
countries,  northern  India,  and  western  China 
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are  73  par  cent  covered  b>  sparse  grass  or 
barren  desert,  llthougti  dune  areas  and  loose 
sand  are  only  ^  saall  part  of  the  desert 
regions,  they  sake  about  5  per  sont  of  the 
total  land  area  of  Asia.  Despite  the  pressures 
cf  a  large  population  thron^^out  southern  and 
eastern  Asia,  eultltated  areas  are  restxd.eted 
priaarlly  to  wet  or  Irrigated  lowlands. 

In  addition  to  Irrigation  features,  the 
ctaturel  factors  In  ■llltaiy  geography  are 
Halted  to  the  Iceland  plains,  with  a  madwr 
of  aajor  cities,  and  nuaeroua  densely  built* 
up  *rural"  coMsunltlea.  In  the  east  China 
flood  plain,  railroads  and  roada  are  on  ea* 
bankaents  3  to  6  feet  high,  and  acaw  cities 
are  protected  by  dike  and  levees  up  to  to 
feet  high.  Sdstlag  treuportatloo  fhcliltlea 
are  Halted  to  the  peripheral  areas  of  Aala. 
Japan  and  Ihdla  haws  atll-develepad  rail  net* 
woxka.  Roads  provide  aeeass  to  aoat  parts  of 
these  coantries  also,  as  well  ss  too  China 
coastal  areaa,  parts  of  lorea  and  Viet  Has, 
and  the  eoaatai  raglcna  of  Uw  aaatem 
Nadltarranasn  lands  *  ’*«▼,  lebenon,  and 

Israel.  Scat  of  the  lass  developed  regions 
of  Aala  are  entirely  without  hlglsaije  or 


*136 


railroads  --  Tor  example,  Tibet,  southern 
Arabia,  and  New  Ghilnea. 

In  terns  of  military  operations,  all  the 
above  features  nay  be  tied  together  by  an 
evaluation  of  suitability  for  cross-country 
operations.  Using  the  cross-country  capability 
of  tank  type  vehicles  as  a  i-eference  base, 
about  55  per  cent  of  Asia  Is  s\il table  for  some 
operation.  Most  of  the  central  Aslan  highlands 
are  unsuitable  because  of  steep  slopes,  and 
much  of  southeast  Asia  Is  unsuitable  because 
of  forested  slopes  and  marshy  ground.  Alto¬ 
gether,  about  33  per  cent  of  Asia  Is  too  steep 
for  operations  with  conventional  tracked 
vehicles,  10  per  cent  is  forested  or  forested 
and  rough,  and  2  per  cent  is  too  wet,  or  has 
soft  ground. 

All  these  features  have  Influenoe  on 
potential  overland  operations  of  QBIs.  In 
addition  to  the  diverse  patterns  of  highlands 
and  lowlands,  marshes  and  deserts,  forests,  and 
irrigated  rioefields,  a  few  other  features 
peculiar  to  OM  opr‘*^t.*ons  nay  be  mentioned. 
Slopes  of  sand  d'^res  in  the  dobi  Desert  range 
up  to  60  per  cent  on  the  lee  side,  and  likewise 
on  the  Arabian  Desert  and  in  Iran.  In 
Afghanistan,  lee  slopes  of  sand  dunes  are  up 


to  100  per  cent.  Rubber  plantations  on  the  Malay 
Peninsula  and  In  Indonesia  commonly  nave  trees 
15  to  30  feet  apart,  with  small  ditches  between 
the  rows  of  t.-ees.  In  some  parts  of  Ceylon, 
Indonesia,  Japan,  ;and  the  Philippines,  hill¬ 
sides  are  terraced  for  cultivation.  In  Arabia, 
oil  pipelines  up  to  3  feet  In  diameter  are 
above  ground  for  long  distances.  Long  escarp¬ 
ments  are  found  a  few  places  on  the  Arabian 
Peninsula  and  on  the  Thalland-Indochina  border. 
And  over  1200  miles  of  the  Chinese  northern 
borders  are  still  guarded  by  the  ruins  of  the 
Great  Wall,  12-16  feet  high.  The  numerous 
Irrigation  featxu^s,  canals,  and  dikes  have 
been  previously  discussed.  These  may  be  signi¬ 
ficant  obstaolea  to  an  operations  in  lowland 
areas,  particularly  during  the  nonarowlna 
season,  »dien  the  water  level  Is  low. 

The  diversity  of  Asia's  physical  geography 
generally  limits  overland  on  operations  to  the 
dry  inland  plateaus,  the  Arabian  Desert  area, 
and  parts  of  the  Bast  China  plal.i.  Inlaivl 
waterway  operations  would  be  advantageous  In 
scattered  areas  of  southeast  Asia,  and  i.n  parts 
of  the  Indian  peninsula.  -  Jtlon  4  of  this 
Chapter,  dealing  with  amphibious  and  coastal 
operations,  presents  a  more  favorable  picture 
regarding  use  of  OBIs  In  Asia. 


2.  Africa 


The  military  geography  of  Africa  may  he 
easily  described  la  terms  of  desert  and  grass¬ 
land  plateaus,  the  equatorial  forest  belt,  and 
the  eastern  highlands  and  rift  valley.  The 
climatic  Influences  are  very  strong  here,  since 
topographic  features  are  less  pronoxmced  than 
In  other  ccr.tir.cnta.  Nonetheless,  Africa  pre¬ 
sents  a  wide  variety  of  terrain,  drainage,  and 
vegetation  features.  All  of  these  iiavc  signifi¬ 
cant  Influence  on  military  operations,  and,  in 
particular,  on  the  natural  environment  for  the 
operation  of  the  Oround  Effect  Machine. 

Much  of  Africa  is  a  vast  upland  plateau, 
tilted  slightly  up  toward  the  south  and  east.  This 
plateau  is  mostly  between  1000  and  5000  feet  above 
sea  level.  The  plateau  Is  bordered  by  narrow  east 
and  west  coastal  lowlands,  and  a  broader  Mediter¬ 
ranean  coastal  lowland.  In  the  northwest  the 
Atlas  Mountains  rise  in  bold  relief;  and  In  the 
southeast,  the  plateau  rises  to  10,000  feet  in  the 
Orakensberg  Mountains.  The  eastern  edge  of  the 
plateau  is  marked  by  th*  spectacular  rift  valley, 
and  extensive  fault  'ine  extenu^.ig  from  ttie 
Mediterranean  to  the  Zambesi  Oorge  In  Rhodesia. 
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This  rift  valley  ;l3  bordered  by  the  eaetern  hlgh- 
lands  of  Ethiopia^  Kenya^  and  Tanganyika.  The 
valley  Itself  contains  long  steep^wallad  lakes, 
and  Is  an  effective  barrier  against  east-west 
movement.  In  the  south,  the  plateau  terminates 
abruptly  at  the  coast,  with  a  steep  ericarpment. 

The  Island  of  Madagascar  consists  mostly  of  rough 
uplands,  with  steep  eastern  slopes,  and  partly 
scarped  western  slopes  descending  to  a  coastal 
plain. 

The  numerical  data  Indicative  of  these  topo¬ 
graphic  features  are  contained  within  Appendix  B, 
and  suanarlzed  In  Table  3*  as  discussed  in  pre¬ 
vious  parsgnphs.  Although  5  per  cent  of  the 
African  land  isass  has  an  elevation  of  3000  feet  end 
above,  this  is  predominantly  in  areals  of  steep 
slopes,  which  are  "un-OBt-able”  in  any  case. 

Only  in  the  high  plateau  of  Ithlqpia  exists 
relatively  level  terrain  above  3000  feet  elevation. 

Areas  of  slopes  over  30  per  cent  cover  about 
13  per  cent  of  the  continent.  Thvse  areas  ring 
the  central  plateau  except  In  the  north,  and  are 
predomirjknt  features  the  eastern  and  southeast 
highlands  arul  in  Nadaeaecar.  ...eas  cf  10-30  per 
cent  slope  are  almost  evenly  distributed  through- 
cut  the  contlnont,  covering  22  per  cent  of  the  area. 


Drainage  featui-es  In  Africa  are  relatively 
less  li^portant  to  DEM  operations  than  In  other 
continents.  Although  most  rivers  are  over  60 
feet  wide  except  In  the  mountains,  falls  and 
rapids  are  common  at  the  edges  of  the  central 
plateau,  and  steep  banks  are  prevalent  on  nearly 
73  per  cent  of  the  streams.  In  the  arid  north 
where  most  streams  are  intermittent,  the  wide 
wadies  may  sometimes  be  used  as  access  routes, 
although  banks  are  generally  steep.  Rivers  of 
primary  Importance  In  Africa  are  the  Nile,  the 
Niger,  the  Congo,  and  the  Zattbesl.  These  are  wide, 
but  all  except  the  Niger  are  obstructed  by  falls 
or  dans,  preventing  tholr  use  for  direct  access 
from  the  coasts  to  the  Interior.  For  long 
stretches  within  the  central  plateau,  these  rivers 
may  be  used  as  access  routes,  landing  places 
must  be  checked  for  slope  and  vegetation  coverage. 

Swamps  are  common  In  the  coastal  region  of 
the  equatorial  belt  from  Liberia  to  she  Congo,  and 
In  smaller  areas  of  the  east  coast,  nwumps  are 
also  prevalent  along  the  lower  reaches  of  the 
Congo  and  the  Niger,  and  make  up  •  large  po'.  .Ion 
of  southern  Sudan  and  centre.  **''anda.  The  steep- 
walled  lakes  of  the  nft  valley  provide  water 
routes  along  the  Congo-Uganda-Tanganyika-Rhodesla 

.lt> 


borders,  but  landlrg  places  are  few,  and  the 
connecting  streams  are  in  narrow  turbulent 
gorges . 

Vegetation  In  Africa  ranges  from  barren 
desert  dunes  In  the  Sahara  to  equatorial  rain 
forests  In  French  Equatorial  Africa  and  the 
Congo.  Dense  forests  cover  18  per  cent  of  the 
total  area,  mostly  In  a  belt  extending  from 
northern  Congo  westward  through  French  Equatorial 
Africa,  Ghana,  and  the  new  republics  of  the 
southern  part  of  French  Vest  Africa.  Some  of 
these  areas  are  acoesaible  by  wide  rivers  spaced 
20'-100  miles,  bttt  steep  banks  are  oomston.  Other 
large  forested  areas  are  In  Tanganyika,  Rhodeala, 
and  Angola.  Tropical  savannah  Is  a  ooa»on 
African  feature,  with  short  (6  feet)  and  tall 
(IS  feet)  grasses,  and  scattered  tall  trees.  In 
sosM  areas,  suoh  as  the  eastern  Congo  and  Uganda, 
elephant  grass  up  to  15  feet  iilgh  makes  a  rou^ 
entanglement,  stopping  most  aovesMnt.  Karshes  in 
this  region  have  reeds  and  papyrus  .10  13  feet  high, 
and  olu^^s  of  floating  vegetation  up  to  5  feet 
high. 

The  northern  jtn't  of  Afrio*  Is  only  spaiaely 
covered  by  vegetation.  Xn  particular,  the  vast 


Sahara  Desert  has  only  scattered  brush,  and  large 
areas  of  barren  sand  plain  and  dunes.  Althoiigh 
dunea  and  loose  sant'  are  not  actually  the  nost 
prevalent  surface  in  desert  areas,  they  account 
for  8  per  cent  of  the  total  African  land  area. 

The  large  dunes  of  the  Sahara  have  lee  slopes 
from  30-60  per  cent;  some  are  as  much  as  POO  feet 
high,  nuese  dunes  are  cosaonly  aligned  In  north- 
south  ridges,  and  may  be  clrcvuavented  (but  some¬ 
times  by  long  detours). 

Cultivated  areas  make  up  a  very  small  per¬ 
centage  of  Africa,  and  are  primarily  limited  to 
the  coast  plain  and  the  Nile  Valley.  The  Island 
of  Madagascar  la  mostly  covered  with  brush  and 

grass. 

The  Influence  of  all  these  features  on  cross - 
counti’y  military  operations  provides  an  index  to 
the  over-all  military  geography  aspects.  The 
cross-country  cspstdlity  of  tanks  and  timilsr 
conventional  tracked  vehicles  in  Afrlra  is  about 
73  per  cent  of  the  land  mass  area.  (This  includes 
areas  tfhere  oross-omtntry  oapcbillty  is  quit  toor, 
though  possible.)  The  are^  -^f  uns\J,teblltty  in¬ 
clude  the  equatorial  f''vast  belt,  the  eastern 
highlands  and  rift  valley,  end  the  southern  rim 
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highlands.  The  hicakdoim  of  areas  unsuitable  for 
cross-country  operations  In  Afrloajas  summarized 
In  Table  5,  Is:  1?  per  cent  steep  and  rugged 
terrain j  6  per  cent  forested,  2  per  cent  soft 
and  nLirshy  areas,  and  5  per  cent  for  conblnatlons 
of  these  featinces  and  others. 

A  few  special  features  which  have  relevance 
for  aEK  operations  have  been  Included  In  the  data 
assembled  In  Appendix  B.  There  are  scattered  es¬ 
carpments  along  the  fringes  of  the  Sahara  Desert. 
The  Nile  Valley  and  coastal  areas  of  Btnlopla  are 
extensively  dissected  by  Irrigation  ditches  and 
caxuils  tqp  to  6  feet  deep  and  l6  to  65  feet  wide, 
with  steep  banks.  These  canals  are  eotpty  In  the 
low  water  season.  There  are  some  larger  canals, 
and  levee  areas  on  the  lower  Nile,  but  banks  of 
these  are  commonly  not  steep. 

Other  special  features  include  the  tough 
elephant  grass  and  tall  mau*i»h  vegetation,  which 
have  been  previously  discussed,  and  sand  dunes, 
river  gorges  and  falls.  Cultural  features  affect¬ 
ing  military  operations  are  very  sparse  th('<*>rtghout 
Africa  except  on  the  oc  “t  and  in  the  Nile  Vklley 
and  Suez  Canal  areas.  There  ar*  almost  no  rail¬ 
roads  except  In  the  Union  of  South  Africa  and  along 
the  Mediterranean  coast.  Most  Interior  roads  are 
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only  trails  and  tracks  across  the  desert  and 
savannah. 

In  general «  t  le  geographic  environment  for 
OEM  operations  In  the  land  mass  of  Africa  can  be 
sxunued  up  as  broad  usable  areas  separated  by  the 
forested  equatorial  belt>  the  rift  valley  and 
eastern  highlands,  and  the  southern  highland  rim. 

In  addition,  many  areas  In  the  south  will  have 
limited  accessibility  because  of  steep-walled  river 
gorges.  In  the  north,  the  effects  of  operation 
In  the  desert  will  be  the  primary  environmental 
factor.  The  Influence  of  all  these  factors  and 
features  on  OEM  praotloiblllty  and  basic  design 
and  performance  parameters  is  further  developed 
In  Chapter  II. 

3.  South  Aswrloa 

The  military  geography  of  South  America  Is 
dominated  by  the  rugged  Andes  Range  extending  the 
length  of  the  continent,  and  the  dense  rain  forest 
of  the  vast  Amason  Basin.  These  fea^-vres  have  had 
a  significant  influence  not  only  on  mllitaxy  oper¬ 
ations,  but  on  eoonuaio  development  as  wel..  The 
:)road  north-south  spread  u.  *>nath  America,  from  12° 
north  Latitude  to  South  Latitude,  Is  another 
factor  In  the  dlverae  physical  geography  of  the 
continent. 
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The  Andes  Range  stretches  I'rom  the  Caribbean 
to  Cape  Horn.  Rising  to  20,000  feet  In  Ecuador 
and  Peru,  It  forms  an  effective  barrier  to  east- 
west  movement.  Its  hl.vi  valleys  and  plateaus 
support  human  life  only  because  ui  the  more  ln« 
hospitable  nature  of  the  humid  rain  forest  to  the 
east  and  the  arid  Pacific  plain  to  the  west.  Slopes 
of  the  Andes  are  everywhere  steep,  and  only  a  few 

pUaMCw  croas  the  range. 

The  broad  Amazon  Basin  Is  one  of  the  great 
wet  forest  regions  of  the  world.  The  dense  growth 
of  tall  evergreens  and  the  humid  climate  prevent 
almost  all  military  cross ^country  operations  except 
those  which  can  use  the  Amason  and  Its  many  tribu> 
tarles  as  access  routes.  The  Ground  Effect  Machine 
will  have  this  capability. 

Between  the  Amazon  Basin  aitd  the  Caribbean 
are  tropical  highlands  and  lowlands,  mostly  forested 
Sart  of  the  Amazon  Basin  are  the  Brasilian  Highlands 
descending  abruptly  to  the  South  Atlantic.  A  great 
escarpment  marks  the  border  of  the  hi.gr> luno  ^nrough- 
out  much  of  southeast  Brazil.  Central  southern 
South  America  consists  of  broad  plains,  with  de.jtely 
populated  and  developed  ereas  in  Argentine 
Pampea.  Further  south,  the  plains  rise  and  become 
heavily  dissected  In  the  ’’tableland"  of  Patagonia. 


The  continent  continues  even  further  south  to  the 
frigid  hilly  land<t  of  Cape  Horn,  Including  a  deeply 
f lorded  coast  of  Chile  beyond  40°  South  Latitude. 

The  numerical  data  contained  In  Appendix  B 
and  summarized  In  Table  3  Indicate  the  primary 
features  of  the  terrain  bearing  on  military  oper¬ 
ations  of  Ground  Effect  Machines.  South  America 
has  about  5  per  cent  of  Its  land  between  5,000  and 
10,000  feet  altitude  and  5  per  cent  above  10,000 
feet.  But  this  high  area  lies  almost  entirely 
within  the  Andes,  which,  because  of  Its  ruggedness. 
Is  precluded  from  OEM  operations  of  any  kind.  About 
19  per  cent  of  South  America  has  slopes  greater 
tnan  30  per  cent,  and  18  per  cent  has  slopes  of 
10-30  per  cent,  Andes  Range,  indicated  on  the 
climate  sons  outp.  Figure  4,  as  sons  23,  Is  almost 
everyidiere  steeper  than  30  per  cent,  and  thus  be¬ 
comes  an  impassable  barrier  for  east-west  OEM  oper¬ 
ations  of  any  kind.  Other  steep  slope  areas  in¬ 
clude  the  east  rim  of  the  Brezillan  Highlands, 
and  most  of  tne  rugged  southern  coastal  areas. 

Drtlnsge  features  are  Important  In  South 
America.  The  broad  Amazon  aivi  Its  trlbutai  .&i 
lurm  avenues  of  access  to  «...  '*entrsl  basin  ares. 
Numerous  tributaries  over  60  fsot  wide  connect  the 
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main  channels  which  are  usually  well  over  250 
feet  wide.  However,  tne  grassy  and  forested 
banks  of  the  Amazon  network  are  often  steep  and 
as  much  as  40  feet  high.  Other  Important  river 
systems  Inclxtde  the  Farani  in  Argentina  and 
Paraguay,  and  the  Orinoco  in  Venezuela  and 
Colombia.  The  Andes  az^  drained  by  numerous 
small  swlft-flowlng  streams,  but  these  are  rocky 
and  filled  with  rapids  and  falls.  Altogether, 
about  two-thirds  of  the  stream  valleys  In  South 
America  have  steep  banks. 

Other  drainage  features  Include  numerous 
swamps  on  the  Cartbbeui  coast  and  In  the  Amazon 
delta.  Swamp  areas  sui'ruund  the  lower  course 

I 

of  the  Parana  in  northeast  Argentina  and  central 
Paraguay.  The  southern  portion  of  the  coast  of 
Chile  Is  out  by  extensive  fiords,  very  similar 
to  those  of  Norway. 

Vegetation  Is  one  of  the  most  significant 
natural  environment  features  of  South  American 
military  geography.  The  continent  is  oo\-ered  almoet 
4o  per  cent  by  dense  forests,  the  largest  forest 
coverage  of  any  continent.  Much  of  this  foieat 
is  within  the  Amasm  Basin,  li^.  'rted  as  zone  4 
In  Figure  4.  Most  of  the  nonforested  area  is 


grasslands «  except  in  the  Andes,  where  mountain 
scrub  forest  Is  common.  Culclvatsd  areas  are 
relatively  small,  and  concentrated  mostly  In  eentx«l 
Argentina  and  sun  funding  areas.  Desert  sparse 
vegetation  and  barren  areas  cover  the  west  coast 
from  Peru  through  northern  Chile,  but  actual  sand 
dune  areas  are  vexy  small. 

Cultural  features  are  concentrated  in  very 
small  areas  of  South  America.  These  Include  the 
southern  coastal  region  of  Brasil  and  the  north¬ 
east  Argentina  Pampas,  which  has  the  only  dense 
rail  network  In  South  America.  Other  built-up 
areas  are  the  central  lowlands  of  Chile  between 
the  coaat  range  and  the  Andes,  and  scattered  areas 
of  the  Caribbean  coastal  plain  In  Venesuela.  The 
rest  of  South  America  is  almost  devoid  of  cultural 
features  affecting  millt^axy  operations. 

Suasution  of  the  natural  environment  elements 
in  terms  of  auitabillty  for  military  cross-country 
operations  indicates  that  about  60  per  cent  of 
South  America  is  unaulted  for  at'^r  oweretiona. 

Using  tracked  vehloles  as  the  basis  for  evaluation, 
the  primary  croaa-oountry  obstacAes  are:  c^;<ae 
roresta  -  30  per  cent  of  tv..  '  land  area;  ateep 
and  rugged  araas  -  per  cent;  wet  and  maraby 
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areas  -  5  per  cent;  and  combinations  of  forested 
and  rough  -  5  per  cent. 

featur-s  of  the  natural  environment 
which  are  pertinent  to  overland  OEM  operations  have 
been  noted  in  Appendix  B.  These  include  the  ex¬ 
tensive  fencing  {\xp  to  3  feet)  of  most  railroads  in 
the  Pampas.  In  the  GulanaB>  coastal  cultivation 
xs  mostly  irrigated.  In  the  vast  Amazon  Basin, 
high  humidity  and  precipitation  levels  may  cause 
considerable  damage  to  equipment  which  Is  not 
carefully  maintained. 

In  general.  South  America  is  an  area  where  GEM 
operations  will  be  limited  to  coastal  areas,  the 
central  and  southern  plains,  and  the  numerous 
waterways  of  the  Anaaon. Basin. 

4.  Worth  America 

The  military  geography  of  Worth  America  may 
be  conveniently  classified  into  three  broad  areas. 
Greenland  and  the  liorthem-most  islands  of  Canada 
are  largely  covered  by  ice,  and  ex'':ibit  all  the 
characteristics  of  polar  climate.  The  central 
Worth  American  area  oomDriaing  Alaska,  most  of 
Canada,  and  the  GnitM  State*  *  a  divers^  i*ogion 
of  highlands  separated  by  a  broad  central  lowland. 
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The  southern  region,  from  Mexico  to  Panamt, 
and  the  West  Indies,  Is  a  continuation  of  the 
highland  region,  with  subtropical  and  tropical 
climates. 

Greenland  and  the  neighboring  Canadian  Arctic 
Islands  ->  Ellsmere,  Devon,  and  the  Sverdrup's  >- 
are  polar  Islands  of  barren  rock  and  Icecap,  with 
only  scatte..-ed  low  tundra  and  brush*  Eighty  per 
cent  of  Qi'eenland  Is  covered  by  the  iiUand  Icecap, 
an  empty  lee  and  snow  plain,  erevassed  and  rough  at 
Its  margins.  The  Icecap  lies  between  5>0OO  and 
10,000  feet  above  tea  level.  The  barren  coastal 
area  of  Qreeniand  la  almost  entirely  steep  and 
nigged,  and  Interrupted  at  SO-mlle  Intervals  by 
glaciers  descending  to  the  numerous  fiords.  The 
margin  of  the  Icecap  la  also  out  by  numerous 
roolqr  streama,  and  small  lakes  dot  the  coastal 
area.  The  Oanadl'an  Arctic  Islands  have  similar 
features,  with  the  east  coasts  rugged  and  f lorded, 
and  the  west  ooaats  lower  and  loss  steep. 

The  broad  central  region  of  Hcrtu  America  has 
a  backbone  of  rugge  mountains  extending  through 
southern  Alaska,  weatem  Canada,  and  the  wee  tern 
United  Ptetee.  in  the  U.P  ,  aounteln  back¬ 
bone  la  spread  out  cc  contain  Mgh  plateaus  in  the 


north,  and  a  desert  region  In  the  south.  A 
j>econd  rugged  mountain  region  occuplea  northern 
Alaska,  enclosing  the  jnterlor  lowlands.  These 
lowlands  are  carried  across  the  Canadian  north- 
land,  with  tundra  nextslng  Into  a  broad  forest 
belt  across  the  continent.  A  bolt  of  less  rugged 
uplands  extends  down  the  eastern  side  of  Canada 
and  the  U.S.,  becoming  separated  from  the  Atlantic 
by  a  wide  coastal  plain  In  the  southern  U.S.  A 
portion  of  these  eastern  highlands  and  plains  Is 
the  Industrial  heartlartd  of  North  America.  The 
central  lowlands  of  Canada  and  the  U.S.,  pre¬ 
dominantly  grasa  covered  or  cultivated,  are  broad 
plains  and  low  plateau,  mostly  level.  The  western 
highlands  rise  to  20,000  feet  in  Alaska  (Mount 
McKinley),  trtille  the  eastern  highlands  are  mostly 
less  than  6000  feet  high.  The  large  central  low¬ 
lands  are  situated  almost  entirely  at  altitudes 
between  sea  level  and  3000  feet. 

The  southern  part  of  North  America  contains 
a  oontlxHiatloo  of  the  western  highlands  extending 
from  Mexico  to  Panama.  These  highlands  are  arid 
and  barren  in  Mexico,  beooml’ig  wetter  and  f''roeted 
further  south.  A  narrow  .  '•*tem  coastal  plain, 
and  a  wider  eastern  '*oustal  plain,  flank  the 
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mountain  ridge  throughout  the  region.  The 
Vest  indies  are  a  chain  of  subtropical  Islands 
mostly  with  highland  central  cores  except  Cuba. 
These  Islands,  extending  from  Florida  to  northern 
South  America,  form  an  arc  across  the  Caribbean 
Sea. 


On  a  continent-wide  basis,  the  distribution 
of  altitudes  and  terrain  slopes  In  North  America 
Is  given  In  Table  3*  The  altitude  range  Includes 
17  per  cent  from  5000  to  10,000  feet  and  1  per  cent 
above  10,000  feet.  Host  of  this  Is  in  mountain 
regions,  but  large  areas  of  the  intemountaln 
plateaus  in  the  United  States  and  Mexico  are 
situated  between  5  and  8000  feet.  The  breakdown 
of  terrain  alopea  throughout  North  America  Is  48 
per  cent  of  total  area  with  slopes  leas  than  10 
per  centji  27  per  cent  with  slopes  10-30  per  cent} 
and  25  per  cent  with  slopes  greater  than  30 
per  cent. 

There  Is  a  wide  variety  of  drainage  charac¬ 
teristics  throughout  the  eontlnont.  The  Interior 
lowlands  and  western  ooastel  plalris  of  the  United 
States  and  Canada  are  drained  by  a  number  o,'  aajor 
rivers  including  the  Missouri  ‘*«slsa.ippl  ay  item. 
These  rivers,  spaced  from  10-30  alles  apart  through 
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the  lowlandaj  average  100  feet  In  widths  and 
h-ye  ttteep  banks  xn  less  than  one  -half  of  the 
area.  In  Canada#  xrlvera  are  replaced  by 
munerouB  lakes#  moB..ly  greater  than  5  miles  long, 
and  separated  by  less  thaxi  40  miles,  m  northern 
Canada  and  the  central  Alaskan  lowlands  the  Yukon 
and  Nackensle  River  systems  provide  aeoess  to  a 
broad  area,  but  are  frosen  6  to  6  months  each 
year. 


With  the  exception  of  a  few  major  rivers  — 
the  Columbia  and  Colorado  being  two  ••  most  of 
the  stream  valleys  draining  into  the  Pacific  Ocean 
from  the  western  hlgiaands  of  North  America  are 
short  and  have  steep  banks.  Their  widths  generally 
are  from  60  to  230  feet.  The  rivers  draining  the 
eastern  coastal  areas  of  ^he  southern  North  American 
countries  mostly  have  steep  banks,  as  do  those  of 
the  West  Indies,  m  the  West  Indies  owst  of  the 
rivers  are  from  60  to  120  feet  wide,  but  some  are 
less  than  60  feet  wide. 

m  addition  to  strews  valleys,  di'&inage 
features  iiclude  swamps  and  marshes  along  the 
coasts  from  southern  llsxi^A  to  Panama.  Swat  p  and 
marsh  areas  are  also  common  w.  the  southeast 
coast  of  the  United  States.  Subsurface  karst 
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drainage  la  a  feature  of  northe-r;  Florida,  the 
Ytioatan  Peninsula  in  Mexico,  and  nox’thex-n 
Quatemala,  with  few  streams. 

A  pi^mlnent  feature  is  the  chain  of  Great 
Lakes  between  Canada  and  the  United  States,  ipvo- 
vidlng  access  to  a  large  central  area.  Other  large 
lakes  are  common  in  central  and  western  Canada, 
but  the  connecting  streams  are  swift  and  rooky. 
Parts  of  the  Alaskan  lowland  and  much  of  the 
northern  Canadian  lowlands  are  covered  with  poorly 
dx'alned  muskeg,  which  will  support  tracked  and 
wheeled  vehicles  only  when  fro sen. 

There  are  a  nunAter  of  prominent  waterways  m 
North  AsMrioa  including  the  Panama  Canal  (110  feet 
wide  at  the  locks),  the  Soo  Canal  at  Sault  Ste. 
Marie  on  the  Canadlan>U.8.  border,  and  the  intra- 
coastal  waterway  along  the  Atlantic  coast  of  the 
U.S.  Waterways  in  Canada,  Alaska,  and  the  U.S. 
are  extensively  used  for  oonrerclal  transportation 
throughout  the  lowland  areas. 

Vegetation  In  North  America  varies  through 
the  wide  latitudinal  range.  TuimSts  In  nor*,  um 
Canada  merges  with  a  wide  ..  '•at  belt,  extending 
through  part  of  tne  wwatem  United  States.  Otter 
forests  cover  oaioh  of  the  eastern  highlands  region. 
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Denso  foreats  reappear  in  the  southern  pcu’l  u£ 
Mexico  through  to  Panama.  Altogether^  about  32 
per  cent  of  North  America  Is  covered  with  dense 
forests.  Brush  and  gruss  cover  most  of  the  In¬ 
terior  lowlands  and  the  Islands  of  the  We>»t  indies. 
The  western  hlgiilands  and  plateaus  In  Mexico  and 
the  southwestern  United  States  are  covered  with 
sparse  desert  shrubs  and  grass,  or  are  barren. 

Only  a  very  small  percentage  of  the  arid  lands  Is 
actually  covered  by  sand  dunes.  Swamps  and  marshes 
cover  about  3  per  cent  of  the  total  area  of  North 
America,  and  an  additional  3  per  cent  in  the  sumster 
months  when  the  muskeg  Is  thawed.  The  contra!  low¬ 
lands  are  extensively  cultivated  In  grains.  The 
eastern  lowlands  of  southern  North  America  and  the 
West  Indlea  are  cultivated  primarily  with  sugar 
cane,  banana  plantations,  and  coffee. 

Cxiltural  features  are  prominent  in  south¬ 
eastern  Canada,  the  eastern  part  of  the  United 
States,  and  In  small  areas  in  the  oentrcl  and 
western  U.S.  A  dense  network  cf  roads  and  rail¬ 
roads  also  links  these  areas,  mroughout  the 
United  states  many  fields  are  rt.teed  by  barbed 
wire  t-o  A  feet  lOgh.  Small  Sa  •  through  tha 
entire  region  are  irrlgatju,  primarily  in  the 
Pacific  Coast  valleys  of  the  U.S. 
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Military  croaa-countxy  travel  with  oonven> 
tlonal  tracted  vehicles  can  be  carried  out  In  about 
43  per  cent  of  the  North  American  continent.  Steep 
and  rastced  areas  pr delude  croas-oountry  operations 
In  25  pep  oent  of  the  continent,  mostly  in  the 
vreatem  highlands.  Poreated  areas  In  Canada,  the 
United  States,  and  In  the  area  from  Mexico  to 
Panama,  make  20  per  cent  uxiauitable.  Wet  and 
marshy  areas  stop  movement  in  2  per  cent,  and  the 
Icecap  of  areenlaikl  and  the  Canadian  Arctic  covers 
6  per  cent. 

All  these  featuxv>s  Influence  potential  QSM 
operations  in  the  region.  Because  of  the  densely 
built-up  areas  and  transportation  nateorks  in  much 
of  the  United  States  and  southern  Canada,  ONMa  mould 
prooably  be  moat  useful  on  Inland  eatarmaya.  nie 
northern  Canada  tundra  and  muskeg  area,  and  the 
Greenland  Icecap  offer  some  advantage  for  OBN 
operations.  Beosuaa  of  the  rugged  and  forested 
terrain  In  the  Caribbean  area,  OSMa  mould  probably 
be  practical  only  In  coastal  and  aaphlbloua  oper¬ 
ations,  irta.oh  are  dlaouseed  in  the  next  section, 
un  a  oontinant-mide  basis,  wnly  a  fem  areas  -n 
>;orth  AaMrlea  provide  a  ..  *  ^rml  envlronsant 
advantageous  to  over'*  t. 'id  military  operations 
of  Ground  Effect  Naohlnea. 
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5 .  Oceania  (Australia^  New  Zealand  and  Paciric 

Island  Areaa)' 

Oceania^  the  smallest  continental  dlvlslonj  has 
a  land  area  of  Just  over  3  million  square  miles. 

Moat  of  this  Is  the  Is land- continent  of  Australia. 
New  Zealand  and  the  Pacific  Islands  fill  out  the 
remainder.  Although  eastern  New  Guinea  is  politi¬ 
cally  part  of  Oceania^  it  has  been  found  more  con¬ 
venient  for  purposes  of  this  study  to  classify  the 
whole  island  of  New  Guinea,  and  the  adjoining 
Solomons,  lit  Asia.  The  data  appendices  and 
summary  tables  reflect  this  classification. 

Australia  and  New  Zealand  are  Islands  of  great 
contrast.  Australia  Is  a  large  arid  plain  and 
plateau  partly  fringed  by  wooded  uplands,  quite 
rugged  in  the  southeast.  Only  a  small  percentage 
cf  the  continent  Is  elevated  more  than  3000  feet 
above  sea  level.  Except  In  the  southeast  highlands 
and  Tasmania,  only  5  per  cent  of  the  slopes  are 
over  30  per  cent.  Drainage  chaj aoteristlca  In¬ 
clude  numerous  small  rlvex'S  In  the  coastal  reglona 
and  on  Tasmania,  with  a  large  central  araa  of  un¬ 
coordinated  drainage.  The  rVvere  are  apaco'^  P.0-30 
mllas  apart,  but  in  75  P«'-  "ent  of  the  total  area 
there  are  only  a  few  \  termittenv  streams.  Banks 
of  streams  are  not  generally  ateep.  A  few  marshes 
cover  areas  uii  uhe  nortiiem  coast. 
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New  Zealand  exhibits  much  more  rugged  topo- 
grs^hy  than  that  of  Australia.  A  moimtaln  back¬ 
bone,  rising  to  12,000  feet,  slopes  unevenly  down 
to  a  narrow  coastal  plain.  About  50  per  cent  of 
the  region  has  slopes  greater  than  30  per  cent. 

Five  per  cent  of  New  Zealand  Is  above  3000  feet, 
but  this  Is  all  In  mountain  areas.  There  are  many 
stream  valleys  In  New  Zealand,  separated  by  5-20 
miles,  and  with  mean  water  widths  of  60-250  feet. 
Most  stream  banks  are  steep.  Fiords  and  finger 
lakes  are  common  In  the  mountain  region  of  South 
Island. 

The  remaining  areas  of  Oceania  consist  of 
the  thousands  of  Pacific  Islands,  only  a  few  of 
which  are  large  enough  for  consideration  of  over¬ 
land  operations.  These  islands  may  be  coral,  sand, 
or  volcanic.  Some,  such  as  the  Hawaiian  Islands, 
have  many  steep  slopes.  Others  are  low  and  quite 
level.  The  voloanle  islands  have  numerous  narrow 
streams,  which  are  not  of  any  value  os  inland 
waterways . 

Vegetation  In  Oceania  ranges  from  dense  forests 
In  parts  of  New  Zealand,  the  outlying  islandu  and 
the  fringes  of  Australia,  tc  b».  desert,  ir.  most 
of  the  Interior  of  Australia.  Only  6  par  cent  of 
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the  entire  region  1;;  densely  for<:8tecl.  About  l8 
per  cent  Is  covered  by  loos«  sand. 

Cultural  featUT2B  effecting  military  geography 
are  limited  to  the  southern  and  southeast  fringes 
of  Australia^  parts  of  New  Zealand^  and  a  few  of  the 
outlying  Islands,  ffost  of  central  and  western 
Australia  has  been  quite  untouched  by  cultural 
features . 

Oceania  is  generally  well  suited  for  military 
cross-country  operations.  While  much  of  New  Zealand 
Is  rugged  and  forested,  nearly  90  per  cent  of 
Australia  Is  unobstructed  for  movement  of  tracked 
vehicles.  Altogether,  about  85  per  cent  of  Oceania 
Is  considered  suitable  for  cross-country  operations. 

The  around  Effect  Haohine  could  be  used  to 
advantage  In  much  of  Oceania,  particularly  where 
sparse  vegetation  and  gradual  slopes  allow  unimpeded 
operation  at  very  low  heights  for  long  distances. 

6,  Antarctica 

Antarctica  is  usually  neglected  In  studies  of 
world  geography  because  of  itit  In^coesslbll.^  y  and 
c<,id  emptiness.  With  Incre..  "d  Interest  In  explor¬ 
ing  and  studying  this  .ast  polar  continent,  and 
with  the  always  present  possibility  of  future  military 
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The  glacier  eurrace  is  covered  with  ice,  o*- 
snow  over  Ice  (fli*n).  Sastrugi  (email  Ice  ridges) 
up  to  5  feet  high  and  several  hundred  feet  long 
are  common  in  all  areas.  Crevasses  are  most  preva¬ 
lent  at  the  edges  of  the  continental  glacier,  but 
may  occur  anywhere.  Tiiese  crevasses  may  be  up  to 
several  hundred  feet  wide  and  miles  long.  Pressure 
ridges  around  the  rock  outcroppings  form  major 
obstacles.  Snow  dunes  on  the  icecap  may  be  40-50 
feet  aeep  and  several  hundred  yards  crest  to  crest. 

Antarctica  has  almost  no  streams  except  small 
melt  areas,  which  flood  in  the  warm  period.  Drain¬ 
age  Is  through  the  slow  action  of  the  glaciers. 

There  Is  no  soil,  (only  rock)  and  no  vegetation 
except  mosses  and  lichens  on  exposed  rock. 

In  terms  of  military  operations,  the  bare  ice 
areas  can  be  crossed  by  wheeled  and  tracked  vehicles 
with  proper  equipment  for  locating  and  bridging 
crevasses.  On  the  snow  cover,  only  light  tracked 
vehicles  may  be  used.  The  maximum  bearing  load 
on  soft  flm  Is  about  three  pounds  por  square  Inch. 

The  Oround  Effect  Machine  would  appear  co  have 
limited  capability  for  ci^  -country  operations  on 
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the  Antarctic  Icecap.  Auxlllarv  equipment  must 
be  Installed  to  handle  the  problem  of  Ingesting 
large  quantities  of  loose  snow.  The  large  nundser 
of  crevasses  and  rough  areas  at  the  borders  of  the 
Icecap  will  probably  severely  limit  any  OEM 
cpu rations  In  that  area*  Capability  of  the  GEM 
In  an  area  of  crevasses  has  yet  to  be  analysed, 
but  with  proper  detection  equipment.  It  Is  believed 
that  limited  overland  operations  can  be  carried 
out  In  Antarctica. 
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4.  COASTAL  EWVIRONICNTS 

(l)  ClaBBlflcatlon  of  Natural  Features 

Iqprovements  In  marine  technolog^>  coupled  with 
our  world-wide  economic  and  political  Interests >  make 
the  coastal  envlrontients  of  the  world  vitally  Important. 
Their  slgrilflconce  to  amphibious  military  operations 
Is  tremendous.  The  characteristics  of  the  OEM  appear 
particularly  well -suited  for  operating  within  these 
environments . 

The  ability  to  suzmiount  approach  obstacles;  such 
as  sand  bars  and  coral  reefs;  the  high-speed  performance 
(slx-to-ten  times  that  of  present  amphibians);  and 
direct  access  Inland  from  the  sea  without  the  water ‘s- 
edge  unloading  operation,  make  OEMs  an  Impressive  vehicle 
for  coastal  and  amphibious  operations,  whether  mllltaxy 
or  commercial. 

Generally,  throughout  the  world,  near-beach  terrain 
offers  obstructions  such  as  forests,  large  sand  dunes, 
coastal  villages,  escarpments,  or  a  coiia>lnatlon  of  these 
features.  However,  exits  Inland  usually  can  be  found 
by  flanking  these  obstacles  tltroogh  use  of  river*  valleys, 
arroyos,  cultivated  areas,  o.  *'ijtural  depressions  In 
the  terrain.  Rivers  and  reams  ofiwj  excellent  paths 
for  GEM  operations  and  can  be  used  to  advantage  for 
penetration  when  some  coasts  are  found  to  be  other¬ 
wise  Impenetrable. 
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Sand  dune  and  hill  coastal  areas  make  up  a  rela¬ 
tively  small  percentage  of  the  shorelines  of  the  earth. 
With  respect  to  amphibious  operations,  this  small  per¬ 
centage  Is  extremely  imports  it  fcr  obvious  reasons  of 
accessibility,  mobility,  and  defendablllty.  However, 
the  contours  ■^nd  rosf'ble  obstructions  of  such  areas 
are  constantly  changing  (a)  where  strong  seasonal  winds 
can  be  expected  to  shift  the  sand,  (b)  where  vegetation 
Is  sparse  and  the  sand  Is  easily  moved,  and  (c)  where 
waves  or  currents  move  abundant  supplies  of  sand  upon 
the  shore  or  form  bars  or  spits  for  additional  deposits 
to  build  upon. 

Normally  thP  st^^epest  angle  of  stability  (from 
slldlJig)  for  dry  aand  la  30°.  In  such  a  condition  of 
equilibrium  any  attempt  to  traverse  the  slope  on  foot 
or  by  vehicle  disturbs  the  stability,  and  cauaea  a  sand- 
sllds.  Naturally,  the  higher  the  dune  or  hill,  the  more 
dangerous  the  condition.  The  steepest  slope  will  usually 
be  on  the  downwind  aide  of  the  dunes  which  are  at  right 
angles  to  the  prevailing  wind.  This  type  of  coastal 
terrain  Is  usually  backed  by  marshes,  tidal  awampa,  or 
periodically  flooded  ground.  These  are  dlfllcult 
obstacles  to  the  Inland  moverent  of  equipment  and 
personnel  using  current  faeilitle-  and  techniques. 

Delta  plains  are  found  on  coasts  that  ax's  inter¬ 
sected  by  aedluent-carrying  rivers  which  empty  Into 
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relatively  quiet  bodies  of  water.  Such  ai^eas  are 
usually  fan-shaped,  dissented  by  nvarieroua  streaun  Inter¬ 
ruptions,  and  offer  exceedingly  poor  support  for  cross¬ 
country  traffic.  Such  river  mouths  are  a  constant 
problem  to  navigation  and  must  be  continuously  dredged 
and  charted.  This  is  expensive  and  may  be  an  untenable 
condition  in  a  combat  area.  Even  shallow-draft,  lightly 
loaded  vessels  are  hampered  vmder  such  conditions,  but 
such  a  stream  offers  practically  unobstructed  routes 
for  vehicles  which  could  skim  over  che  water  or  over  the 
flat,  sedimentary  plain. 

As  the  delt^  plain  builds  from  sediment  deposits 
and  the  flood  threat  is  eliminated,  the  area  takes  on 
Increased  commercial  and  military  importance  dependent 
upon  the  degree  of  ease  a  route  to  the  interior,  can  be 
obtained.  Deltas  in  the  tropics  are  usually  fringed 
with  swamps,  cut  by  streams,  and  overgrown  by  tangled 
vegetation.  The  temperate  zones  support  hardwood  growth 
on  the  backing  tez*rain  while  the  colder  zones  support 
only  low  grasses  and  shrubs  which  give  wry  to  glacial 
cover  farther  north. 

Coral  formations  are  limited  to  the  warn  regions 
of  the  earth  and  are  generally  found  between  the  30^ 
lortn  and  south  parallels.  The  co.  '  fomation?  my 
be  submerged  or  exposed.  Qenertlly,  this  depends  on 
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the  tidal  characteristics  in  the  region.  Warm,  pro¬ 
tected,  shallow  appi caches  are  excellert  coral  breed 
ing  grounds.  Reefs  are  foimed  when  the  coral  animal  Is 
exposed  to  the  ulr  and  dies.  The  skeletons  harden,  form¬ 
ing  reefs  which  are  abrasive  and  hazardous.  The 
Australasia  (Oceania),  Indian  Ocean,  and  East  African 
coastal  areas  represent  the  predominant  areas  of  coral 
concentration  In  the  world. 

In  addition  oo  the  generally' vd  coastal  land  forms, 
other  features  of  the  coastal  environments  which  are 
Important  to  potential  operations  are:  vegetation, 
stream  valleys,  characteristics  of  beaches,  surface¬ 
piercing  obstructions  in  the  offshore  approach  area, 
surf  conditions,  tides  and  currents,  and  climatic  con¬ 
ditions.  These  features  are  discussed  in  this  section 
on  a  world-wide  basis.  Application  to  OSH  design  and 
performance  requirements  la  contained  In  Chapter  II, 
Section  4.  The  detailed  Information  presented  in 
Appendix  C  was  made  compatible  with  already  established 
climatic  zones  of  the  world  as  well  as  with  political 
boundaries. 

Tidal  ranges,  as  presented  in  Appendix  C,  will  vary 
through  the  years  as  well  ao  during  each  year.  .Sormal 
mir.iu.4m  and  maximum  tidal  readj...^ '  are  preoentei 
because  of  the  effect  on  opeimtihg  conditions  in  any 
one  region. 
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Surf  conditions  are  not  dependent  upon  tide  alone, 
but  alec  upon  wind  and  ether  seasonal  Inl’lnencee.  A 
GEM  must  be  able  to  withstand  such  an  environment. 

The  gradient  of  a  beach  is  of  considerable  Interest 
In  OEM  design  and  1«  another  factor  which  Is  Included 
In  the  appendix  data.  The  slope  of  the  beach  affects 
the  perfonsance  and  operational  concepts  to  be  con* 
sldered  in  OEM  planning.  The  gradient  In  the  swaoh 
zone  of  the  beach  depends  mainly  on  three  variables; 

(a)  the  size  of  the  beach  material,  (b)  the  length  of 
the  waves,  and  (c)  the  ateepness  ratio  of  the  waves. 

More  than  half  of  the  beaches  reviewed  In  thla  study 
have  gradients  between  two  end  three  per  cent  In  the 
ewaah  zone  between  low  tide  and  high  tlda.  In  the  high- 
water  zone,  above  noitnal  tidal  action,  the  slopea  are 
aoBMWhat  steeper,  averaging  five  to  seven  per  cent. 

(The  beech  gradient,  in  per  cent,  la  th«  tangent 
of  the  angle  of  the  beach,  l.e.,the  vertical  rise  per 
unit  horlsontal  dletence.) 

Beach  surface  meteriale  are  also  covered  in  Appendix 
C.  Size  of  the  beach  aaterl*.!  is  ncv  u.ccueaed  bccauro 
of  Its  wide  range,  but  the  type  of  beech  surface  is 
given.  Ninety  per  cent  of  th^i  accessible  coast  are 
composed  of  sand,  aud,  pebbles,  .  .  or  ^  combination 

of  two  or  Mrs  of  these.  The  remaining  ten  per  cent 
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Includsts  cobblefltonej  rock,  seaweed,  shiri^.le,  clay 
loam  and  debris. 

In  general,  the  coasta.''  factors  limiting  QEM 
operations  are  those  Inqposed  by  the  shore  terrain  and 
not  the  near-shore  or  offshore  approaches.  QEKs  can 
traverse  most  coral  fonuatlons,  submerged  rocks,  sand 
bars,  and  shoals.  They  cannot  traverse  shorelines  made 
up  of  steep  cliffs,  bluffs  and  escarpments,  nor  pene> 
trate  beach  Jungles  and  nlpa  swampBi  dense  coastal 
sebtiements  or  other  obstacles  associated  with  civili¬ 
zation  along  a  coast.  Penetration  usually  oat',  be  made 
by  bypassing  such  concentrations  or  by  use  of  streams, 
rivers,  or  baylettes. 

For  mll.ltary  operations  In  a  specific  area,  amphi¬ 
bious  operational  studies  are  available  which  provide 
the  detailed  data  required  for  intelligent  planning. 

In  general,  the  coastal  areas  of  the  world  wnere  QBIb  can 
be  used  arc  indicated  '  the  map  shuMlng  "Suitability 
for  Ampbi>'lous  QEX  Oper  ttlons*  (Fig.  14). 

The  world  coastline  shown  on  this  map  is  divided 
into  three  categories: 

Code  1.  Suitable  for  Inland  Acocss. 

Code  2.  Suitable  for  Landing  *  Beach.  Inland 
Access  Obstruct'''*. 

Code  3.  Unsuited  for  Amphibious  Operations. 
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FIGURE  14 

Suitability  for  Amphibious  GEM  Operatior 


When  Anterctlra,  O'-nenland  and  r’omairider  of 
Che  land  mnoo  north  of  the  Y7°  parallel  are  excluded, 

It  can  be  seen  that  approximately  70  per  cent  of  the 
remaining  ooaatllne  of  the  world  la  available  for  uee 
with  QEMb.  At  any  one  period  during  the  year,  winter 
icing  oondltlona  mav  alter  thla  figure  aomewhab.  Web 
snow,  blowing  and  drifted  ice,  and  Icebergs  may  pre> 
sent  obstacles  to  the  operation  of  some  UfiMs,  but  with 
provisions  for  deicing,  and  h1gh>height,  low-payload 
operations,  all  but  the  steep  northern  coasts  will  be¬ 
come  accessible.  Referenoe  to  Section  'i  of  thla  chapter 
will  provide  data  to  Indloato  coosonal  px'obloms  which 
could  nullify  the  Code  1  physical  aspects  of  a  coast  and 
change  it  to  an  inaoceeslble  area  (Code  3)  temporarily. 

Wniie  the  acope  of  the  study  requirot  some  general¬ 
isation  of  coastlines,  predominant  oharaoteriatlos  were 
used  to  determine  operations!  suitability  of  the  areas. 
More  detailed  analysis  of  a  Code  1  onset,  for  example, 
may  show  numerous  stretches  of  terrain  which  are  im¬ 
passable,  end  surrounding  areas  which  may  bt  suitable 
for  orous -country  inland  movement. 

Where  coestel  acoesslblllty  to  inland  lerrMn  is 
Indicated,  individual  ooaata)  i*eglons  may  praaenc 
different  problems.  For  /rstanoo,  .  ^  region  or 
northsrn  Canada  known  as  the  Arotlo  Archipelago 
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peneralljf  con&'ets  of  coactal  piairs  which  slope  gently 
to  the  Arctic  Ocean.  Coastal  backing  terrain  is  made 
up  of  tundra  with  scattered  low  vegetation.  Such 
features  offer  no  obstruction  to  operations  in  the 
area.  However,  climatic  ferturer  cause  changes,  such 
as  hunmocked  ice,  which  must  te  taken  into  account 
when  the  details  of  operation  in  a  specific  area  are 
to  be  considered.  Consequently,  the  indications  of 
accessibility  for  Africa  would  not  rave  the  same  im¬ 
plication  as  for  Alaska  and  other  Arctic  and  Antarctic 
regions  where  surface  features  change  with  the  seasons. 

Tree-lined  coasts  often  present  barriers  to  inland 
access.  However,  such  terrain  3s  usually  broken  by 
river  or  atream  valleys  and  there  are  often  Interrup* 
tiono  in  vegetation  wnich  allow  exits  from  the  beaches. 

Nap  scale  limitKtions  preclude  a  detailed  indica¬ 
tion  of  coastal  conditions.  Hie  amount,  type,  and 
location  of  terrain  which  would  support  OBN  operations 
ucu.lly  determines  the  Code  class  Several  exaiiq>le8  can 
be  cited  as  follows: 

Some  parts  of  inland  and  Morthern  Ireland  are 
classed  as  Code  1  srese,  while  tl.e  reriainder  of  ■  :e 
Brlti'ih  Isles  is  a  Cede  2.  Nit.  >  Nalec  and  the  terri¬ 
tory  south  of  Bristol  C*:watel  are  covpoced  of  hills  and 
mountainous  terrain,  the  ares  Is  criss-crossed  with 


numerous  navigable  rivers  which  would,  offer  no 
physical  obstructions  to  Ul£M  operations. 

Similar  consiiierat:‘ons  must  be  given  to  the  south¬ 
east  coast  of  the  United  States  which  is  classed  as 
Code  1.  Deciduous  forests^  civilization  and  other 
natural  and  man-made  obstacles  would  prevent  even  a 
OEM  from  moving  directly  Inland  from  the  shore.  However, 
there  are  exits  inland  —  networks  of  coastal  and  inter¬ 
state  highways  and  numerous  rivers.  While  river  banks 
are  lined  with  many  trees,  open  spaces  exist  because  of 
clearing  for  cultivation,  timber  harvesting,  pleasure 
boating,  etc. 

The  general  Depression  of  India  is  that  of  a  teeming 
population  cultivating  flat  plains  and  river  bottoms  with 
an  ox  end  a  crude  wooden  plow.  This  is  only  part  of  the 
picture.  Moot  of  India  is  made  up  of  rugged  terrain.  It 
la  traversed  by  many  rivers  and  a  well-developed  rail 
network.  These  rivers  and  rail  beds  offer  routes  for 
CEH  -ravel  from  the  coastal  legions  toward  the  inland 
regions . 

The  Bast  Indian  coast  la  olaased  aa  Code  1.  The 
West  Coast  la  predonlnantly  a  Ccd«  2  region  sine  ‘-here 
vre  mA'ty  places  to  support  largu  'andinga,  but  the  loca¬ 
tion  and  character  of  th*.  ..ustem  laountaina  are  obatacles 
to  Inland  movement. 
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A  STJinmary  of  the  oo<iStal  environmental  data,  in 
terms  of  the  OBM  suitability  code,  is  given  in  Table 
6.  For  each  major  coastal  division,  the  total  coast¬ 
line  and  mainland  coastxine  lengths  are  given,  as  well 
as  the  percentage  of  total  coastline  in  each  code 
classification.  Complete  data  on  coastal  environments 
are  contained  in  Appendix  C. 

The  following  subsections  discuss  coastal  features 
of  the  world's  coastal  areas  except  the  rugged  const 
of  Antarctica,  which  is  ice  bound  throughout  the  year. 
This  discussion  is  the  backgrotind  for  the  o las nlfl cation 
of  amphibious  Ground  Effect  Machines  in  Section  4  of 
Cliapter  II. 

(2)  Natural  Features  of  World  Coastal  Areas 
1 .  Europe 

With  the  exception  of  Australia,  Europe  is  the 
smallest  of  continents,  but  it  has  a  total  coast¬ 
line  of  40,000  miles  (considering  only  minor  in¬ 
dentations),  This  coastline  is  very  irregular 
and  encloses  the  continent  on  three  sides  at  if 
it  were  a  mammouth  peninsula  extending  from  the  main 
body  of  Asia.  Flat  and  aently  undulating  lands 
begin  off  the  Strait  of  Glbra*  ■"  and  vollow  the 
coast  northward  becoming  gradually  wider  until  they 


-176- 


I  CO  (D  n  M 

I  t*  M  <D 


O  C«  M 
«0  M 


cc  o 

<e  09 


CO  r*  o 

CO  ^  lA 


<*♦ 

CO 


a  ^  r*  CO  *4 

-4  C4  CO  cc 


CO  CO  CO 
00  V  ^ 


fO  CD  CO 
00 


s  5 


1 1 


lA  CO  O 
OC  CO  CD 
04  <0  9 

ss 

O  CO 
^  00 

lA 

00 

?S3 

S8 

«A  O  lA 
«A  Q  06 
»»  9  BO 

g 

e 

s 

CD 

(0 

04  CO 

«A  00 

o 

lA  lA  M 

CO  »- 

2 

f  ^  tfj 

CO  V 

CO 

CO  06  H*" 

O  ia' 

of  00  04 

06 

o 

o 

•m 

m4 

00  •• 

m 

m 

N 

SS2 

ng 

0^  06 

06  00 

s 

O  CA  9 

4>  •«  A 

1" 

Sss 

§ 

g 

g 

ift  06  -? 

06  CD 

^  r» 

06 

CA  06  cl 

S  00 

0D  M  p4 

H 

• 

3 

04  CO 

O  CO 

c*  06 

0«  fO 

m» 

06  06  0* 

e  06 

04  04  cA 

CD 

e 

A 

m 

^0  «• 

■« 

m 

n 

stretch  from  the  fcothllls  of  Swffien  to  the  Soviet 
Urals  and  south  to  tho  Caspian  and  black  Seas. 

rhc  entire  ccastllne  of  European  Russia  with¬ 
in  the  Arctic  Circle  and  90  per  cent  of  the 
Norwegian  coast  Is  composed  of  t^indra  or  hsath 
which  Impose  serious  restrictions  on  vehicular 
movement  except  when  deeply  frozen,  inie  north¬ 
west  coasts  of  the  British  Isles  and  the  North 
Sea  coast  near  Hamburg,  Qermany,  are  additional 
areas  of  widespread  heath  beds.  Vegetation  and 
civilization  In  these  areas,  except  Hamburg,  would 
offer  no  obstructions  to  amphibious  operations. 

Weather  oonslderatlons  along  the  coasts 
north  of  37^  North  Latitude  would  require  detailed 
study  to  determine  Ice  and  snow  oonditlons  before 
a  winter  operation  could  be  planned.  Rafted  close 
pack-ice  or  close  drlft-loe,  stacked  up  against 
even  the  flattest  shore,  could  be  sufficient  to 
obstruct  lEM  operations.  The  effect  of  high-speed 
collisions  with  Ice  of  this  nature  saist  be  con¬ 
sidered.  New  snow  covering  the  Ic*  or  ground  will 
sake  navigation  difficult  (a)  because  of  being 
blown  into  the  air  by  the  4at  downwash  and 
because  of  the  crevasses  or  Ov.  **  dlseonti.nuitles 
In  terrain  that  It  may  camouflage. 
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In  the  Quit 3  Bothnia  c;nd  Finland  and  th3 

Baltic  Seaj  ferry  traffic  l5  restricted  from 
around  December  10  to  May  20.  Some  years  It  la 
completely  halted  during  January  through  March. 
Properly  designed  GQls  could  negotiate  this  area 
and  provide  yei>r-round  access  to  these  coasts, 
heretofore  possible  only  with  the  airplane.  A 
more  ccmplete  discussion  on  ice,  snow  and  other 
climatic  Influences  Is  contained  in  section  2  of 
this  chapter. 

Sweden  has  many  rivers  and  valleys  which 
could  be  used  for  penetratio't  from  the  coast. 

In  Addltlcn«  there  are  many  interconnected  lakes 
and  bays  that  would  serve  as  suitable  access  routes. 
Good  beaches  In  the  area  are  few  in  number.  Beach 
eurfaeesconalst  of  eand,  silt  and  scattered  rocks, 
with  baoklnc  terrain  of  rooky  and  ataep  banka 
axoapt  In  aouthem  Norway  and  Swedan  where  the 
lowlande  pir^dominate.  While  Norway  la  97  cent 
■ountainoua.  It  has  features  providing  eocets  lnlar.d 
even  though  the  slse  cf  tho  opertno*.  muld  be 
considerably  limited  by  the  width  of  the  streams 
and  the  trlbutarlee  where  one  lake  feeds  u  ‘-nother. 
(Deeauae  of  thla  llattad>sv. * •  operational  capability, 
a  Code  2  claaeiflowciun  was  asslgnsd  to  ths  Norwaglsn 
eoasts  Instasd  of  Code  1.)  Stresa  snd  Iske  bsnks 
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are  heavily  wooded  in  moet  places  and  some  feeder 
streams  or  cana2s  are  passable  but  obstructed  by 
low  bridges  at  scattered  points. 

The  coasts  o.  Scandinavia  are  clear  in  the 
Baltic  and  clear- to-chaniieled  on  the  Atlantic.  As 
can  be  expected  along  the  Atlantic,  the  surf  ranges 
from  negligible  to  over  12  feet  at  times.  Tides 
to  nine  feet  are  experienced  along  the  Atlantic 
coast,  but  are  practically  non-existent  along  the 
Baltic  even  thoxjigh  water  level  Is  changed  up  to 
six  feet  depending  t^on  the  strength  and  direction 
of  seasonal  and  storm  winds. 

The  Finnish,  Russian,  Oeman,  and  Danish 
coasts  along  the  Baltic  Sea  have  lowland  coastal 
terrain  with  characteristic  ollnatlc  differences 
due  to  their  geographical  location.  Rivers  In 
the  northwestern  region  are  flooded  in  spring  and 
early  avonerj  during  the  winter  they  are  frozen  and 
navigation  ceases.  In  the  Flnland-Polaxul  area  the 
predoeilnantly  sand  beaches  have  an  average  slope 
of  3  per  cent  which  gradually  increases  to  around 
6  per  cent  for  portions  of  the  Danish  coasts. 

There  are  scattered  islands  obstructing  of*,  ore 
approaehss,  but  the  near-.,  ^ra  area  is  85  per  cent 
clear.  The  !sost  orcr-^a  obstructions  in  the  southern 
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end  of  the  regiovv,  around  Gomany  and  Denmark, 
are  shoala,  sand  and  mud  flats,  and  scattered 
rocks.  Backing  terrain  generally  Is  characterized 
by  low-level  sanuy  necks  and  meadow  land  with 
scattered  trees,  grass,  and  cultivated  fields. 
There  are  only  scattered  areas  of  swamps  and 
marshes,  boulders,  low  cliffs  and  bluffs  on  the 
coasts.  Tidal  ranges  are  negligible  toward  the 
north  but  become  appreciable  (6-15  ft.)  off  the 
German  North  Sea  coast.  Surf  through  70  per  cent 
of  the  area  from  Finland  to  Germany  ranges  to  6 
feet  while  the  remainder  of  the  coast  rarely 
exparlences  surf  over  5  lit  height. 

The  characteristics  of  the  low  and  fertile 
41 -mile  Belgium  and  800-mile  Netherlands  coastal 
areas  are  well  known.  Except  for  scattered  wrecks 
and  shoals  In  the  area,  normal  approaches  are  no 
problem.  For  QIM  operations  the  wrecks  and  sea¬ 
walls  represent  the  most  forsddable  obstacles. 
Large  drainage  ditches  In  the  area  are  4  to  6 
feet  wide  and  up  to  4  feet  deep,  bu‘  In  places 
their  banks  are  approximately  level  with  the 
surrounding  tsrralu,  thus  enabling  QBIs  t  '  roaa 
in  th(ss  arsas.  Sf-awall^  '^ong  the  coast  have 
•teep  (6o  per  cent)  rampe  et  varicua  intarvale  to 


181 


allow  traffic  to  cross  from  or.e  aide  of  the  wall 
to  the  other.  The  seawall  Is  Interrupted  at 
several  points  by  gates  or  lock-type  doors  which 
are  closed  during  stozms  or  high  water  but  open 
for  Inland  access  at  other  times.  Other  backing 
terrain  features  are  soft  dry  sand  (firm  wlien  wet), 
sand  dunes  and  cultivation. 

Across  the  Bngllsh  Channel  from  the  continent 
are  the  British  Isles.  The  western  portion  of  the 
islands  are  composed  mainly  of  low  hills;  the 
east  has  areas  of  low  plains,  plateaus  aiid  rolling 
plains.  The  eastern  coast  of  the  main  Island  la 
fairly  regular;  fi'um  the  northern  tip  of  Scotland 
to  the  southeni  tip  of  Bngland  there  are  only  five 
big  eabayaents.  The  southern  ooast  has  several 
protected  harborsi  the  west  Is  marked  by  Indenta¬ 
tions  which  run  far  Inland  and  form  many  Important 
commerelal  routes.  Ireland  has  coasts  Just  as 
rugged  and  Indented  as  the  west  ooast  of  the  larger 
island. 

Inland  movesMnt  would  be  a  rK>r  problem  for 
QMS  since  Inland  waterways  are  plwatlfui.  The 
thasms,  for  example.  Is  ■'svlgable  4?  sdles  from 
the  seat  In  Scotland  the  Islai..  *an  bo  crossed 
cccvletely  by  following  the  CeledonUn  Canel  from 
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the  Plrth  of  Lome  to  Moray  Plrth  In  the  north¬ 
east.  Access  can  be  nade  by  nunerous  other 
waterways j  but  general  cross-country  travel  by 
OEM  would  be  difficult  because  of  mountains  In 
Scotland  and  southern  Ireland. 

Most  of  the  beaches  In  the  British  Isles  arc 
gravel  and  loose  cobble  backed  by  firm  wet  sand 
(soft  when  dry)  and  scattered  rooks;  gradients  range 
from  3  per  cent  to  10  per  cent*  Tidal  ranges 
vary  trcm  negligible  to  40  feet  In  the  funnel- 
shaped  bays. 

The  terrain  around  Calais^  rrartoe,  la  similar 
to  southeastern  England.  There  are  numerous 
beaches  but  they  are  backed  by  cliffs  and  seawalls 
ranging  from  ?  feet  to  20  feet  high  depending  on 
the  tides  and  surf  characterlstlos  of  the  ar«4. 

In  this  area  where  the  Atlantic  funnels  Into  and 
out  of  the  North  Sea,  the  martmum  tides  approach 
40  feet.  Farther  south  In  France  and  on  the  northern 
coast  of  Spain,  the  tidal  ranges  are  considerably 
lower  M  the  coast  becomes  more  open  along  the 
Atlantic.  However,  imlle  the  tides  arc  dlwinlah- 
ing  from  40  feet  to  1>  fcot,  the  martssai  surf 
heights  remain  about  the  tsmi-  to  12  feet)  but 
Increase  in  frequency  cf  occurrence  during  the 


yeir  —  predominv.itiy  during  the  inter 
storms. 

Tlie  total  cos  itllne  of  Franoe,  Including  the 
Mediterranean  coast,  is  1,760  miles.  The  north- 
west  (Channel)  and  the  west  (Atlantic  Ocean) 
coasts  are  of  a  widely  different  physical  and 
environmental  character  from  tne  southeast 
(Mediterranean)  coast.  Nevertheless,  both  coasts 
are  Interrupted  by  accessible  rivers  and  valleys, 
and  have  an  abundant  share  of  low,  flat,  and  sandy 
coastal  terrain  bordered  with  dunes  and  sarahes. 

But  east  of  the  Rhone  Delta,  the  Alps  and  their 
offshoots  extend  to  the  sea.  With  these  series 
of  capea  and  rooky  promontories,  only  a  narrow 
"Riviera*  remains  between  the  heights  and  the 
shore.  This  la  a  charaoUrlstlo  feature  foxmd 
In  all  of  the  Mediterranean  countries.  Approacltes 
to  the  shores  on  the  Mediterranean  aids  are  mostly 
clear  idiereas  approaches  to  the  northern  and 
western  coasts  are  occasionally  obstructed  by  bare, 
shoals  and  breakeaters.  Tides  end  c*rrf  on  the 
southern  coasts  are  akin  to  the  sunny  disposition 
of  the  Riviera  region  and  ai-e  classed  as  s.l<;ht- 
‘•.i»-moderate  —  not  over  >  .  '-t. 


The  Spaiilsli  and  Fortugucee  coMts  are  Inter¬ 
rupted  hy  elx  major  rivers,  all  of  which  rise  In 
Spain,  fijr  taking  advantage  of  these  rivers  and 
their  surrounding  valleys  easiest  penetration  to 
this  sector  of  Europe  can  be  obtained.  The 
Ouadalqulvlr  !tlver  e8q;>tlea  into  the  Oulf  of  Cadiz 
where  broad  sand  deposits  have  foraed  a  delta. 

These  deposits  hai^  also  out  off  a  large  ■arsby 
lagoon.  Las  Narlssas,  which  cannot  be  crossed  by 
noraal  shipping  or  tdieelod  vehicles,  but  which 
provides  a  wide,  flat  expanse  for  OEM  op*r«tlsr.e 
ST.  «  uroaa  front. 

Other  lowlands  are  aaaller  and  are  restricted 
by  surrounding  hills  and  aountatns.  The  Oallela 
In  northwest  Spain  Is  made  up  of  a  succession  of 
drowned  river  •ouths  which  form  excell«iit  sheltered 
haztors  for  suall  craft.  Such  aaall  hazbore  also 
offer  concealjsent  for  asyhlblous  operations  and 
could  be  even  more  widely  uaed  by  shallow  —  or 
no-draft  aarlna  eraft. 

Tldea  up  to  13  feet  are  found  on  the  Atlantic 
aide  of  Spain  and  Portugal  while  neglifib]**  ve- 
cordlage  ere  found  on  t:  '  nediterraaean  aids.  Tbs 
offshore  epproeshee  the  bee*.,  is  are  generally 
clear  and  unebetnieted.  Beach  alcpea  are  genarally 


5-8  per  cent.  Kost  exits  frntt.  the  shore  would  be 
cross-country  by  paths  end  tracks  through  brush 
and  seed  cultivation  to  generally  fair  roads. 

The  renalnder  of  the  European  Mediterranean 
eoaat  is  predominantly  clear  offshore  with  a  few 
breakwaters  and  tidal  flats  fronting  firm  sand 
beaches  in  Italy  and  scattered  rocks  and  reefs 
off  the  Tugeslav  and  Qreek  shores.  Italy  has 
numerous  beaches  with  the  terrain  on  the  west 
side  of  the  peninsula  providing  the  best  access 
routes  i»aand.  Streams  are  nsvigable  inland 
from  the  coast  for  20  to  30  miles i  some  rivers 
are  navigable  much  further.  In  addition,  there  Ir 
a  coastal  canal  that  parallels  the  marehy  coast  of 
the  Oulf  of  Venice,  and  another  in  the  Po  Basin  which 
connects  the  eltSes  of  Turin  and  Nllan.  Because  of 
sedimentation,  the  Po  Basin  is  contlmtally  build¬ 
ing  out  into  the  Adriatic  as  much  as  300  feet  per 
year.  There  are  other  csnele  which  emtend  rivers 
end  in  most  ceees  follow  reeeonably  flet  terrain, 
and  could  be  used  as  OBI  highway  s*^«e.  The  Tiber 
lUver  is  nevigeble  as  far  aa  Perugia  with  al.allow- 
dNkft  vceaeli. 

Coastal  vageta'ion  In  ahwld  obatruet 

erose -country  movemant  ainoe  it  la  predominantly 
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grass,  brush,  and  cultivation  with  some  areas  given 
over  to  olive  groves.  The  actual  coastal  terrain 
consists  of  marshes,  lagoons,  and  dunes.  A  very 
small  percentage  cl  the  total  coastline  has  sea¬ 
walls,  bluffs,  and  buildings  which  would  form  the 
only  major  obstinictlons.  Tides  and  surf  for  Italy 
are  consistent  with  the  rest  of  the  niorttaem 
Mediterranean  coasts. 

The  coastal  plains  of  Yugoslavia  and  Greece 
are  narrow  and  50  per  cent  rocky  with  cliffs  back¬ 
ing  the  beaches.  Most  rivers  flow  tuiderground 
In  Yugoslavia  since  the  karst  (limestone)  formations 
are  soluble,  allowing  the  water  to  pass  through. 

The  four  rivers  In  Yugoslavia  which  are  Important 
and  accessible  are  bordez^d  by  cultivated  low  marshy 
lands.  Inland  from  the  coast,  these  usable  rivers 
are  cross -connected  by  canals  which  would  obstruct 
OEM  movement  perpendicular  to  their  courses. 

The  rivers  of  Greece  are  steep,  rapid  and 
unsuitable  for  navigation.  Except  for  the  upper 
part  of  Greece,  there  Is  no  pare  or  the  country 
which  Is  more  thbn  40  miles  from  the  sea.  Frequent 
earthquakes,  particularly  on  the  southwest  coasts, 
suggest  that  the  land  Is  stlx..  a  stake  ot  trans¬ 
formation.  Constant  reconnaissance  in  the  area 


Is  required  to  determine  shangee  In  offshore 
approaches  and  ccarrtal  terrain. 

Surf  In  the  a'  aa  Is  high  only  when  there  are 
strong  offshore  winds.  Usually  It  Is  negligible 
and  Is  accompanied  by  tides  of  less  than  2  feet. 
While  there  are  many  landing  beaches  In  the 
Yugoslavia  and  Greece  areas,  the  backing  coastal 
terrain  Is  rugged  enough  to  make  inland  access  by 
OEMs  difficult.  The  beaches  are  of  sand  and  gravel 
composition  and  the  backing  terrain  Is  70  per  cent 
cliffy  or  mountainous.  Roads,  trails,  and  tracks 
can  be  found  around  ridges  or  up  river  valleys  when 
available . 

The  Burorcan  shores  of  the  Black  Sea  are  con¬ 
siderably  different  from  those  of  the  Greek  Aegean 
Sea.  The  coastline  la  gently  curving  and  regular 
until  It  reaches  the  Romanla-Ukralne  border  wh**^ 

It  Is  embayed  and  marshy.  Ice  restricts  the  shore 
approaches  In  the  southern  region  occasionally, 
but  in  the  north  It  Is  consistent  in  the  winter. 

The  hilly  terrain  In  the  south  gives  way  to  lagoons 
or  steppes  In  the  north  around  the  delta  plains 
of  the  Danube.  Inlaid  exits  over  tracks  an.;  trails 
through  driftwood,  scatterea  .  "sh  and  cultivated 
plains  warrant  a  Code  2  classification  for  Mich  of 
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the  Bulgarian  coast.  Kt»rever,  the  low,  flat,  treeless 
area  to  the  north  In  Romania  would  provide  easy 
Code  1  Q£K  movement  overland  to  the  heart  of  the 
country. 

2.  Asia 

Asia  coiq>rlses  about  one-third  of  the  earth's 
land  area  and  Is  the  home  of  nearly  two-thirds  of 
the  population  of  the  world,  '.cia  ■'lea  wholly 
within  the  Northern  Hemisphere  and  stretches  over 
5,000  miles  from  the  Malay  Peninsula  In  ^e  south 
to  Cape  Chelyuskin  within  the  Arctic  Circle  In 
northern  Russia.  Its  east-west  dimensions  srs 
approximstsly  7,000  miles.  It  is  bounded  on  three 
sides  by  oceans  arid  on  the  fourth  by  the  Red, 
Mediterranean,  Black,  and  Caspian  Staa.  The  coast 
of  over  100,000  alias  represents  a  wide  variety  of 
types  of  shore. 

The  nortnem  coasts  ere  most  notable  for  thslr 
ios-bound  condition  during  the  winter  aontho; 
generally,  these  shores  ere  low  end  deeply  Indented 
by  the  many  rivers  that  flow  crom  south  to  north 
to  the  Arctic  Oossn.  The  Ruiiolan  beaches  are  cja- 
posed  of  sand,  pebbles,  end  some  .  'Iders.  Tlireo- 
fourths  of  the  beaches  cum  over  100  feet  wide  with 
the  remainder  between  50-100  feet  in  width.  The 
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backing  terrain  Is  mostly  tundra  plain  and  marsh  with 
scattered  bluffs  and  steep  hills  at  Irregular  Inter¬ 
vals  along  the  coast.  Vegetation  In  this  region 
Is  low  grass  and  moss  with  some  scrub  growth,  none 
of  which  should  provide  obstacles  to  GSM  operations. 

Low  winter  temperatures,  extreme  Isolation 
and  short  seasons  when  navigation  Is  possible  re¬ 
stricts  settlement  and  Interest  In  the  area  except 
for  Its  strategic  value.  In  the  winter  the  many 
rivers  are  Ice-bound  and  as  they  thaw  upstream 
(In  the  south)  before  their  more  northerly  lower 
reaches,  great  floods  occur  In  the  middle  and  lower 
basins  each  spring*  In  this  region  of  Asia  Is 
approximately  10,500  miles  of  Code  1  coastline. 

Routes  skirting  patches  of  hummocked  ice  will  be 
ncuessary  In  the  winter,  but  once  land  Is  reached 
the  OEM  jeems  to  provide  the  only  year-round  form 
of  transpor cation.  (In  the  wj.nter  the  rivers  are 
frozen  end  the  snow  la  deep;  in  the  spring  the 
river  basins  are  flooded;  in  the  suasier  and  the 
fall  the  marshes  and  tundra  have  thewed  nrJ  the 
mire  la  deep.)  ehe*'  there  la  surf,  it  la  usually 
rough  (5-8  ft.  high). 

In  moving  from  the  I'^rthcm  ov.  'te  tu  the  eaatem 
and  southeastern  Ian  coaata,  uramatlc  change 
can  be  seen.  Tt^e  re jion  la  ohar'scterlsed  by 


uuinerous  small  and  large  Islands  >  wlilcii  wex's  formed 
mostly  by  partly  submerged  volcanic  folds.  The 
coast  from  the  Bering  ;[.tralt  to  the  Malay  Peninsula 
Is  of  a  Code  2  classification  with  the  exception  of 
13  per  cent  Code  1  and  3  per  cent  Code  3.  This 
coast  Is  much  Indented  and  broken  by  a  series  of 
seas  and  gulfs  with  pack  Ice  occurring  as  far  south 
as  the  Yellow  Sea.  Some  of  the  greatest  rivers 
In  the  world  dissect  the  Pacific  Coast  of  Asia. 

The  flow  of  these  rivers  la  generally  at  Its 
maximum  In  the  summor  when  the  Interior  snows  melt 
and  rainfall  is  at  Its  greatest.  Near  the  coasts 
the  rivers  are  gentle  but  they  are  restricted  by 
levees  and>  somewhat  like  the  Mississippi,  flow 
above  the  level  of  the  surrounding  plains.  He- 
ourrent  flooding  hampers  oomnunloatlon  In  the  area 
and  would  eliminate  travel  by  any  conventional 
means  during  the  period  of  flooding.  Conditions 
are  ideal  for  a  craft  with  QBN  qualities  —  speed, 
flexibility  and  no  restrictions  with  draft. 

The  best  landing  beaones  are  concentrated  In 
the  northeast  portion  of  the  Chlj;ese  coast  but  ‘  ;4<'se 
are  backed  by  villages,  terrao.  and  sea  walls. 

The  arand  Canal  paralle’iirii  the  coast  from  Tientsin 
to  Hangchow  offers  another  obstacle  to  inlatwl 
movement  by  conventional  vehicles  but  would  be 


eumotmtable  at  var-loos  poituta  Ij  SSXs  vith  a 
Jutap  capability  of  4  to  5  feet.  This  canal  la 
30  feet  vide  and  has  the  appearance  of  a  large 
open  drainage  ditch  over  Boat  of  Ita  length. 

Southern  China  la  rugged  and  Intenaely  eultl« 
vated  and  popiilated.  The  coastal  terrain  la  eon- 
poaed  of  a  broad  valley  flanked  by  nountalna  and 
dissected  by  river  valleys.  There  are  few  shore 
cliffs  In  the  area  but  there  are  nuaerous  villages 
and  coastal  roads.  Most  roads  are  poor  and  dls- 
cormeeted  since  river  floods  or  aonsoon  rains  wash 
out  the  roads  and  bridges  as  veil . 

Puxishar  souths  Indochina  lies  wholly  within 
the  tropic  sons.  The  southwestern  aansooD  coaoincd 
with  the  heat  supports  dense  tropical  jungles  and 
HWgrcve  swaspa  often  to  the  edge  of  the  water  The 
lanedlate  shore  line  Is  charaoterlaed  by  fsaturt> 
less  dsltas  snd  swtsa>s  with  soae  wountalns  to  the 
sea  in  the  northern  r^lon.  The  1.700-wlle  coast> 
line  contains  119  nsjor  bea<dies  which  would  s^nport 
large-seale  as^hlblous  landings,  lateral  coMunlea- 
tion  lines  with  eonventlonal  land  vwtccles  would  be 
extr-wely  ilffleult  since  sMWt  hria«k  '  cut  during 
World  War  XI  cither  Niv*  not.  rebuilt  or  arc 
perlodieally  deatroyed  by  floods  or  currant  guerrilla 
warfare.  It  Is  dlifleuit  to  travel  wore  tnsn  73 
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mllee  by  road  u*-  rail  bafox'e  8topp<?d  by  a 

olsslng  bridge  or  rail  section.  Most  roads  parallel 
the  coast  and  may  '.o  Inland  20  miles  occasionally > 
but  any  travel  further  Iriland  must  negotiate  dense 
Jungle  and  rugged  mountains.  The  best  penetra* 
tlon  can  be  made  by  ntu&erous  short  waterways  found 
In  the  area. 

Approaches  to  the  coast  mxat  pass  Islets, 
reefs,  rocks,  shoals,  and  some  drying  sand  and  mud 
flats  with  the  tides  ranging  from  one  foot  to  12 
feet  around  Saigon  on  the  southern  tip.  't'he  surf 
in  this  area  also  approaches  12  feet  at  times. 

The  beaches  are  predominantly  wide  at  low  tide  and 
remain  so  at  high  tide  except  «mere  tidal  ranges 
are  high.  Bighty-seven  of  the  119  beaches  are  two 
miles  or  more  long)  they  are  100  ft.  or  more  wide; 
are  made  up  of  sand,  mud  and  pebbles:  have  gradients 
of  four  per  cent  in  the  tidal  wash  cone  and  10  per 
cent  above  the  high  water  line.  This  average  maxi* 
mum  gradient  of  10  per  cent  le  oonsleteut  throug^iout 
the  southeast  coast  of  Asle. 

This  region  hcs  excellent  landing  are. ^  for  091 
v'perations,  but  considered.  "  of  taeidiig  terrain, 
cultivation,  veg«tcvl.»n,  and  population  crowding 
the  coast  x*eqalre  that  a  "limited  Inland  aoceae* 


(Code  2)  classification  be  pler^^d  on  the 
coast. 

The  next  section  uf  Aslan  coast  covers  sene 
3j800  miles  around  the  Malay  Peninsula  and  up  the 
coast  of  Burma  and  East  Pakistan.  The  many  major 
beaches  In  this  area  are  predominantly  less  than 
two  miles  long;  composed  of  sand  (soft  when  dry), 
mud  and  coral  in  places;  have  tidal  ranges  from  2 
feet  to  20  feet,  and  surf  ranging  from  oxic-foot 
heights  off  the  Cambodian  coast  to  20  feet  near 
Rangoon.  The  offshore  approaches  Include  many 
Islands,  shoals  and  soatter<^d  rocks.  The  vege« 
tatlon  of  the  backing  terrain  Is  indicative  of  the 
climate  In  the  area.  There  are  dense  mangrove 
stands,  rain  forests,  palms,  and  dense  secondary 
growth.  There  are  swamps  and  mud  lagoons,  and  few 
all-weather  roads.  Conventional  landing  conditions 
are  best  during  the  period  from  November  through 
March.  This  would  be  extended  where  OBNs  replaced 
conventional  vehioles. 

The  island  fringe  of  southeast  Asia  is  an  area 
of  significant  interest  foi  OEM  amphibious  eper- 
atlone.  Prom  the  weste, .  ^Ip  of  Sumatra  to  the 
eastern  tip  of  New  du'nea  (a  ai...‘;anoe  of  about 
3,200  miles)  are  two  perallel  chains  of  Isliinds 


witii  irregular  coas-;  lines,  mo'-intalns ,  active 
volcanos,  swamps,  thick  Jungles,  high  temperature, 
high  humidity  and  > eavy  rainfall .  The  Islands 
were  severely  damaged  during  Vorld  War  II  and 
vegetation  now  present  Is  comparatively  new 
growth.  Rubber  and  coconut  trees  are  jnaatl fill, 
and  remaining  growth,  other  than  cultivation,  la 
nlpa  swampe  or  rain  forest. 

The  Sintra  coast  is  about  20  per  cent  Code  1, 
all  of  which  Is  on  the  northeast  side  of  the  Island 
fifteen  per  cent  Is  Code  2  which  Is  scattered 
throughout  the  island;  the  remainder  Is  essentially 
Inaccessible  for  large  scale  landings.  Java  Is 
30  per  cent  Code  2;  the  remainder  is  Code  3. 

Borneo,  including  Sarawak,  is  97  per  cent  access¬ 
ible  to  OEMs,  The  most  inaccessible  area  Is  Its 

.  t 

northern  tip  where  a  13*^55  foot  mountain  slopes 
to  the  sea. 

The  other  large  Island  In  the  group  Is 
New  Guinea  with  Code  2  (15  per  cent)  scattered  in 
eqtual  aiBOunts  throughout  the  Island.  The  resiainder 
of  the  coast  is  Code  3  because  of  mountain  -^‘X- 
^■ending  to  the  sea,  coral  .  'nnaclcs  on  shore  as 
well  as  offshore,  jr.*  dense  rain  forests  to  the 
water's  edge  In  most  cases.  The  surf  In  the  Code  1 


southern  region  run.*'  as  high  as  8  feet  at  times  and 
the  tide  ranges  from  2  to  17  feat  depending  on 
the  season  of  the  year.  Beaches  in  ths  area  vary 
from  a  width  of  100  feet  to  some  of  45  feet  or 
less.  Oradients  rat^e  from  one  per  cent  in  the 
south  to  nearly  vertical  In  the  west.  In  the  east 
the  beaches  are  preddminantly  steep  with  a  six 
per  cent  to  vertical  gradient. 

Kost  of  the  Islands  which  arc  within  ten 
degrees  of  the  e<iuator  are  mountainous,  are  fringed 
with  nlpa  swamps  or  beach  Jungle,  are  ringed  with 
ooral  forsMtlons,  have  moderate  to  very  rough  surf 
(^•12  feet),  uv*.  have  soft  sand,  soft  mud  or  ooral 
beaches.  About  60  per  cent  of  the  landing  beaohes 
In  the  area  are  two  miles  or  more  In  and  at 

low  water  60  per  cent  are  100  feet  or  nore  wide. 

At  high  wator,  depending  on  the  tides  prevalent 
In  the  area  and  the  beach  gradients,  approxlsuitely 
50  per  cent  of  the  beaohes  are  less  than  50  feet 
wide  with  the  remainder  varying  from  50  feet  to 
100  feet  or  nore  In  width. 

India  and  Western  Pakistan,  with  1,450  miles 
of  coast  line,  hsve  l4o  u  ^“^r  beaches.  Nore  than 
do  per  cent  are  over  co  mlios  'g  and  100  feet 
or  nore  wide.  The  eurf,  depending  on  the  eeason. 


runs  from  2  feet  to  8  feet^  an‘1  ttie  tides  range 
from  3  feet  to  25  feet.  The  gi*eatest  tidal  range 
Is  located  juet  north  of  Bombay  In  the  Gulf  of 
Cambay j  a  region  of  extensive  swamps,  mud  flats, 
and  fishing  stakes.  Generally  offshore  approaches 
axe  clear  except  for  scattered  Islets,  rooks, 
shoals  and  bars*  Beaoh  gradients  In  South  India 
average  about  2  per  cent  while  in  northern  India 
and  Pakistan  they  run  from  flat  to  over  6  per  cent. 
Sxlta  from  the  beaches  In  the  south  are  oro8S> 
country  to  coastal  roads  and  railroads  which  are  no 
more  than  2  sillea  Inland  In  most  Instances. 

Most  beaches  are  backed  by  swamps,  marsnes, 
and  wasteland  for  several  miles.  Hills  are  Jungle 
covered  and  dissected  by  many  streMwi*  Cowunioa* 
tlons  In  the  delta  regions  are  almost  iwnexlstent 
and  the  coasts  are  embayed  with  shallow  approaoties 
to  the  shore  In  these  sectors*  All  rivers  but 
the  larger,  more  active  ones  are  dry  except  in  the 
rainy  season.  This  does  not  exclude  their  use  by 
OSNa  as  avenues  of  tranaportatlru  r^*.n  coastal 
Jungles  are  ijg>ene treble. 

Vest  of  Pakistan  an.'  ^ndla  are  the  eoeats  of 
Iren  end  Seudi  Areblb.  There  a*  3*000  mllee  of 
every  type  of  ooeet  from  intonelvely  oultlvated 
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dftle  groves  through  sand  dtuies  and  beech  cusps  to 
rocky  hillocks  100  feet  high.  East  of  the  Persian 
Gulf  entrance  and  northwest  of  the  Oulf  of  Aden 
the  narrow  coastal  plain  Is  backed  by  steep  mountains 
rising  to  8«000  ft.  In  places.  In  this  region  are 
mangrove  forests >  200>300  foot  cliffs  In  spots «  and 
numerous  streams  fed  from  the  moxmtalns. 

Vhlle  one-half  of  the  terrain  Is  of  this  varied 
nature «  the  remainder  is  generally  levels  flanked 
by  rooky  promontories,  low  points  of  foul  ground 
and  scattered  scrub  on  the  beaches.  The  beaches 
in  ooutheaat  Saudi  Arabia  are  backed  also  by  orust^, 
treacherous  salt  flats  which  are  impassable  during 
the  wet  season.  In  the  Red  Sea  area  beach  exits 
are  either  nonexistent  or  unknown  and  the  whole 
area  is  reported  to  be  relatively  unexplored.  In¬ 
land  movement  would  be  cross-country  to  unpaved 
roads  which  st  tines  may  disappear  or  become  im¬ 
passable  because  of  shlfving  sand. 

The  beaches  are  wide  at  low  wnter,  but  with 
tidal  ranges  of  up  to  12  feet  the  widths  are  reduced 
to  between  50  and  100  feet  with  high  water.  The 
sand,  shell,  and  coml  surfsw  *  have  u  per  cent 
or  greater  slopes  In  the  eastern  sector  and  tend 
toward  slopes  of  less  than  1  per  cent  In  the  west. 


Be&ch  approaches  are  r*e8trlcteci  at  the  north  and 
south  ends  of  the  Red  Sea  and  where  the  Persian 
Qulf  flows  Into  the  Arabian  Sea.  Otherwise ^  they 
are  generally  clear  but  shallow  due  to  slicing  and 
coral  formations. 

The  remaining  coasts  of  Asia  (Israel,  Lebanon, 
and  Turkey)  represent  a  small  portion  of  the  over -all 
continent  but  at  the  same  time  are  vital  areas  to 
the  Western  World  because  of  their  strategic  loca¬ 
tion.  The  coast  line  becomes  increasingly  rugged 
In  moving  north  trom  Israel  to  Turkey.  In  general, 
the  seaward  approaches  are  clear,  but  with  scattered 
reefs.  Islets,  shoals,  and  rocky  ledges.  While  land¬ 
ing  beaches  are  avollable,  many  man-made  obetruo- 
ttons  exist  which  would  slow  down  amphibious  oper¬ 
ations.  The  most  formidable  of  these  are  sea  walls, 
piers,  end  oil  pipelines  offshore  from  storage  tank 
farms.  These  obstacles  combined  with  gravel  or 
ooral  beacnes  of  >  to  10  per  cent  slope  and  a  surf 
up  to  eight  feet  at  times  could  make  larullng  oper¬ 
ations  hasardous. 

Inland  movement  of  Wheeled  vehicles  fr  u  the 
Reaches  on  the  coast  of  Is.  *1  is  restricted  tc 
prepared  routes  beciu^v  of  sand  ounes,  sandstone 
ridges,  cliffs,  cr  bluffa  backing  the  coastal 
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terrain.  In  Lebanon,  mountains  baric  the  entire 
coast  and  cross-country  travel  is  hindered  by  banks , 
rock  outcrops,  stone  walls  (?  to  4  feet  high), 
hedgerows  and  dunes. 

Ihe  portion  of  coast  from  Turkey  through  to 
the  Black  Sea  is  rugged  with  sand,  pebble  and 
cobble  beaches.  The  western  coast  line  of  the 
Turkish  Peninsula  is  probably  the  most  accessible 
coast  in  this  sector.  It  Is  out  Into  many  bays 
and  peninsulas  with  numerous  offshore  Islanos. 

Since  central  Turkey  is  a  vast  plateau  rlamed  by 
young  folded  notmtalns.  Its  Interior  Is  not  easily 
accessible.  The.^e  ats  narrow  plains  between  the 
mountains  and  the  ihore.  Houtee  to  the  plateau 
would  largely  be  up  stream  valleys.  In  the  area 
of  the  Dardanelles  and  the  Bosporus  landings 
could  be  made,  but  It  would  be  difficult  for  hostile 
forces  to  carry  out  military  operations. 

Surf  In  thla  area  of  the  Nedlte^'reneen  end 
Black  Seas  it  rough  (breakers  tc  8  ft.)  even  thoutfi 
the  tides  are  negligible.  Beach  gradients  are  6 
to  10  per  cent  on  the  everage  for  about  half  .f 
the  ;i^l  beeches.  The  rerna^  ^cr  are  more  gentle. 
AkevB  half  are  leae  tst..  two  mllee  longi  about 
80  per  cent  range  In  width  from  yo  feet  to  100 


feetj  tt^e  r-emalnder  are  100  feet  or  more  wide. 

The  whole  area  la  generally  a  Code  2  region, 

5.  Africa 

Tlie  Ai  "lean  shore  line  la  generally  un¬ 
developed;  It  is  heavily  forested  In  the  equatorial 
region  and  the  coast  of  Mozambique  and  Tanganyika. 
This  tropical  rain  forest  gives  way  to  light 
forest  and  grassland  over  the  rest  of  Africa  except 
In  the  desert  regions  of  the  north  and  southwest. 

Because  o'?  its  regular  coastline,  good  natural 
harbors  are  scarce  In  Africa,  and  much  of  the  coast 
Is  fringed  with  sand  bars  laid  down  by  currents 
parallel  with  the  shore.  Along  the  equatorial 
regions  of  the  coast,  mangrove  forests  border  the 
shores  making  the  approach  from  the  sea  difficult. 
However,  this  area  Is  classed  as  Code  2,  since  the 
beaches  are  cut  by  numerous  streams  Mhlch  would 
■O.low  some  Inland  penetration  for  discharge  of 
troops  and  supplies,  and  would  provide  conceal¬ 
ment  from  air  obser’/atlon.  Normal  daep  water  ship 
operations  are  po  'Ible  only  on  the  uongo  River. 
Others  have  delta  deposits  at  the  coasts  whl  n 
restrict  river  traffic  to  sha*  “w  draft  or  no -draft 
craft.  Maivy  have  several  navigable  eections,  but 
passage  from  one  eection  to  another  is  restricted 
because  ox  rapids  or  waterfalls. 
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On  the  whole,  ;he  coastal  plain  la  wider  on 
the  east  coast  than  on  the  west.  This  Is  also 
the  section  of  grertest  tidal  ranges  (10  feet 
or  more).  Tlie  south  and  southeast  coastal  sectors 
cover  all  three  QB(  accessibility  codes  In  a  well- 
defineu  manner  within  less  than  3,000  miles  of 
South  Africa  and  Mozambique.  Rivers  offer  the  main 
highways  Inland  but  many  rapids  are  present  and 
detailed  rtudy  Is  required  before  operations  can 
be  plarj:ied  with  any  reliability.  At  times  of 
the  year  the  Orange  River,  south  of  the  Namlb 
Desert,  dries  up;  the  rugged  terrain  surrounding 
this  section  of  the  coast  precludes  vehicular  trave'' 
at  any  other  point.  Other  rivers  In  the  area  are 
badly  silted  and  must  be  dredged  constantly  to 
support  any  but  the  lightest  traffic  into  a  harbor 
or  port. 

In  moving  north  up  the  east  coast,  the  topography 
changes  from  laud  rising  In  terraces  as  it  approaches 
the  barking  mountains  to  low,  sandy  areas  with  smny 
swamps.  This  Is  also  an  area  of  hea\'y  mangrove 
forests  backing  the  shores.  W^ere  landings  are 
possible,  the  sand  and  ibki  beaches  have  slopes 
ranging  from  3  to  6  p(»r  cent.  '*oads  i  .d  bridges 
are  often  washed  out  in  the  rainy  season  and  the 
necessity  Of  cross-country  travel  to  reach  tracks 
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and  unsurfaced  roac’r  would  pret(?nt  a  problem  for 
foot  troops  and  wheeled  or  tracked  vehicles  dur¬ 
ing  the  rainy  seascn.  The  coastal  plain  Is  10  to 
30  miles  wide  up  through  Tanganyika,  but  Is  backed 
by  the  steep  central  African  plateau. 

The  plains  flood  readily  during  the  season  of 
heaviest  rains  between  December  and  March  and  malaria 
and  sleeping  sickness  are  epidemic  along  the  coast 
and  up  the  Zambezi  River  Valley.  Backing  the  man¬ 
grove  lined  coasts  and  below  the  mountains,  the 
vegetation  consists  primarily  of  vast  savanna.  Many 
native  villages  line  the  coast,  with  extenaive  culti¬ 
vation  of  sugar,  cotton,  timber,  and  coconuts  In 
and  near  the  many  stream  valleys. 

The  remainder  of  the  east  coast  of  Africa  Is 
rugged  except  the  1,200-mlle  coastline  of  Italian 
Somaliland.  Here  the  beach  gradient  ranges  from 
2  per  cent  to  ovor  6  per  cent  in  places.  The  back¬ 
ing  terrain  is  progressively  steeper  with  low 
escarpment  which  is  further  backed  by  narrow  sandy 
strips.  The  near  terrain  is  unsuitable  for  wheeled 
vehicles  because  of  dry,  locce  sard  which  s‘  l.''ts 
Into  high  dunes.  Scanty  v.  •  and  brush  growth 
in  the  area  would  of^>v'  no  cbstruwtion  to  inland 
movement.  Sxtensive  irrigation  is  practiced  in 


-203- 


the  vicinity  of  the  two  main  rJvers  (Scebell  and 
Juba)  in  the  area.  Most  exits  from  beaches  are 
cross-country  to  ccastal  trails  and  very  poor 
roads . 

The  sides  of  the  Red  Sea  are  rugged  and 
difficult  for  amphibious  landings  because  of  the 
mountainous  terrain  sloping  to  tne  sea.  The  area 
between  this  coast  and  the  Nile  River  is  almost 
entirely  uninhabited  except  in  the  fertile  Nile 
Valley.  The  Nile  is  navigable  for  over  800  miles 
and  provides  easy  Code  1  access  to  the  region. 

The  flood  season  begins  in  July  and  lasts  Into 
October. 

Except  for  the  Mediterranean  coast  and  the 
Nile  Valley,  the  northern  part  of  Africa  le  arid, 
sandy  and  supports  little  vegetation.  There  are 
many  coastal  roads  paralleling  the  coast  from 
Algeria  to  Egypt  with  fair  cross-country  access 
from  the  beaches.  In  Tunisia,  cros^-country  access 
is  occasionally  Impeded  by  large  dunes  and  so.i.'? 
lagoons . 

Surf  on  the  Medlterrsnean  coast  varies  from  a 
maxisaus  of  3  feet  in  some  ar«.  **  to  8  feet  in 
others,  with  beach  gradients  running  from  1  per  cent 
In  the  western  regions  to  nearly  vertical  where  the 


Atlas  Mountains  in  Algeria  meet  the  sea.  Within 
this  5,800  mile  region  to  the  Gibraltar  Straits 
there  are  284  major  landing  beaches.  Thirty  per 
cent  of  these  are  partly  obstructed  by  reefs,  coral 
and  sand  bars  up  to  five  miles  from  shore. 

Around  the  horn  of  the  western  tip  of  Africa. 
Morocco  has  a  largely  Impenetrable  coast  because 
of  the  extension  of  the  mountains  In  this  region. 
However,  there  are  several  fairly  large  rivers  In 
the  area  by  which  access  can  be  obtained  to  the 
Interior  of  tha  country.  These  rivers  are  un- 
navlgable  for  ocean  vessels  because  of  sand  banks 
blocking  their  mouths.  The  surf  In  the  area 
ranges  up  to  15  feet  and  the  5  to  6  per  cent 
gradient  beaches  are  of  firm  sand  (soft  when  dry). 
Approaches  from  the  Atlantic  are  somewhat  obstructed 
by  reefs,  rocks,  bars,  wrecks,  and  fish  nets. 
Scattered  on-shore  obstructions  consist  of  low  wave 
scarp  and  10  to  50  foot  sand  '*ldgec  and  bluffs. 

Tidal  ranges  between  8°  and  15^  North  Latitude 
are  the  greatest  anywhere  along  the  Viest  African 
Coast.  In  addition  to  the  equatorial  Jungles  in  the 
lower  region  of  the  coastal  bulge  there  art.  large 
rubber  plantatioi-.s  with  trees  -naced  t.Q  feet 
apart.  There  Is  a  wide  variety  of  beaches  in  this 
section  of  the  sand  and  mud  coast.  There  are  flat 
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bttacheB  and  thei’e  are  those  slopes  to  10 
per  cent;  there  are  beaches  less  than  50  feet  wide 
and  there  are  those  over  100  feet  wide;  there  ax’e 
those  with  clear  offshore  approaches  and  there  are 
those  (in  Nigeria  and  the  Caneroons)  with  scattered 
shoals  and  wrecks,  'nie  most  consistent  feature  of 
the  area  Is  the  obstruction  of  near* shore  approaches 
by  shoals t  sand  bars  at  river  entrances  and  scattered 
rocks,  wrecks  and  reefs.  Ninety  per  cent  of  the 
beach  exits  are  cross-country  to  coastal  tracks  and 
trails  tdilch  In  turn  lead  to  unsurfaced  roads. 

While  the  coastal  plains  are  more  narrow  than 
those  on  the  cast  coast  they  have  many  of  the  same 
characteristics  —  low  lying,  swampy,  sand  beaches 
backed  by  marshes  or  lagoons,  xmdulating  backing 
terrain  to  the  mountains.  The  entire  area  la 
dissected  by  numerous  rivers  and  streams.  Except 
in  the  arid  reglona  of  the  Sahax's  and  Namlb  Deserts, 
the  entire  coast  Is  backed  by  forests  of  varying 
density  •-  decreasing  in  proportion  to  their 
distance  from  the  equator. 

There  are  few  good  na'-urai  harbors, a.'' i  sea 
swells  which  increase  cu  Idsrably  in  the  south 
add  CO  the  problem  u'  shifting  .xnd  aepoalta, 
completely  closing  off  rivers  and  porta  if  dredging 
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is  not  eacloyed.  Mere  and  more  J'^ttles  3U*e  being 
constructel  to  the  rnsveac^it  of  the  s&nd,  but 
this  itei«ly  shirts  the  bar  further  froa  the  beach, 
idiere  the  build>up  starts  to  close  the  entrance 
all  over  again. 

South  gaerica 

South  Aaeriea  and  Africa  both  are  cut  hi' 
the  equator  and  consequently  both  have  hot,  aoist 
Jungles.  Vhlle  South  Jnerlca  is  less  than  tao- 
thlrds  tne  size  of  Africa,  It  has  a  cueh  greater 
quantity  and  broader  area  cf  rainfall  than  Africa. 
This  aolsture  le  concentxatetJ  In  the  r.erthero  half 
of  the  continent,  setting  the  isattom  for  the  denac 
groaUi  of  vegetation,  rroai  the  anuth  of  the  San 
Franelsco  River,  near  Recife,  dean  the  coast  to  the 
aouthezn  tip  ef  Brasil  are  heavy  coastal  vegetation 
groatna.  An  Isolated  coastal  stand  of  heavy  groath 
Is  fowid  ir.  the  vicinity  of  V^paralso  and  Oonaepcion 
In  Cnlle.  The  aain  coastal  forest  region  begins 
in  Beuador  and  foiloas  the  coast  noithaard.  cross> 

Ing  the  Isthaus,  then  eastaerd  psAt  tne  south  of 
the  iasTon  River.  Inland,  the  trms  attain  great 
height,  fomli^  such  a  dense  canopy  that  tf  *ort  st 
floor  is  sparsely  vegetstes.  ^veept  ahvre  Ugne  can 
penetrate.  On  the  '  the  trees  ere  loa  and 
stunted,  and  It  la  dimeult  to  dlatingulah  betaeen 
trees  and  ehrObe. 
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The  greatest  density  of  South  America's 
population  Is  found  on  the  southeast  coast  of  the 
continent.  ITie  center  of  this  concentration  la 
the  metropolitan  area  of  Buenos  Aires.  This  large 
city  Is  located  on  the  Parana  River  Balta  at  the 
southern  entrance  to  the  great  Qentral  lowland. 

This  Is  an  area  v:ith  great  grasslands  similar 
to  that  fotmd  In  the  prairies  of  North  America. 

There  are  well -developed  forests  along  the  streams 
and  graasea  on  the  steppes  which  cover  the  southern 
end  of  the  lowlands,  ^e  beaches  In  this  area  are 
not  recoannende 1  for  conventional  amphibious  oper> 
atlons  because  of  their  flatness  and  lack  of  con* 
cealment.  There  are  many  bluffs  backing  the  beaohts 
but  continued  inland  movement  is  possible  by  using 
the  stream  beds  which  dissect  the  oosst  in  many 
places.  About  3OO  miles  south  of  Buenos  Aires  the 
region  arid,  and  vegetation  and  population  are 
sparse,  once  access  to  this  territory  Is  attained 
there  would  be  no  problem  in  prcgreselng  northward 
up  the  backbone  of  the  continent. 

In  addition  to  the  Parana  River  beeln  there  are 
two  other  large,  alsvst  continuous  lowlar  U  associ¬ 
ated  with  rivers  on  the  ^ antic  Coast  —  the 
Orinoco  and  the  A’t.^nvn.  The  Bi»a Ilian  Amasonla, 
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the  lowland  bordering  the  Amazon  River  and  Its 
tributaries,  makes  up  about  a  thlx'd  of  Brazil 
and  Includes  all  of  the  northern  portions.  The 
entire  region  It.  one  of  great  uniformity  and 
exhibits  only  slight  relief.  Fifty  per  cent  of  the 
area  Is  below  500-feet  elevation.  In  the  vicinity 
of  the  rivers  much  of  the  region  Is  swampy  and  often 
flooded  ddrlng  periods  of  high  water. 

T^ie  coastal  plain  of  Brazil  Is  fairly  wide 
In  the  north  as  it  merges  with  the  Amazonian  low* 
lends  and  reaches  Its  greatest  width  at  Bahia 
where  It  averages  about  50  miles  wide,  Prom  there 
southward  It  becomes  extremely  narrow  and  Is  rare  '.y 
more  than  a  few  miles  wide  in  southern  Brasil. 

Sven  though  Brazil  has  almost  5,000  miles  of  coast¬ 
line  it  has  few  good  natural  harbors.  In  the 
north  and  south  the  low  lying,  marshy  coasts  backed 
by  lagoons  have  not  been  developed  because  of  the 
threat  of  flooding  and  the  problem  of  building  up 
the  land  to  support  settlement.  The  eastern  coasts 
are  straight  and  hl^,  offering  lit^-'s  protection 
for  harbors. 

the  shores  are  comcosed  of  sand  which  is  fins 
when  wet.  Slopes  renge  froi..  '*S8  than  one  per  cent 
to  greater  than  six  per  cent.  The  approaches 
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offshore  are  generally  clear  except  for  scattered 
shoals  extending  for  soine  distance  offshore  in 
the  north  and  reefs,  rocks,  shoals  and  sand  bars 
in  the  southern  regio-i.  Tidal  ranges  of  over  20 
feet  can  be  found  in  the  vicinity  of  the  Amazon 
River,  but  generally  throughout  the  rest  of  the 
coast  tides  are  2-6  feet. 

While  landings  can  be  made  all  up  and  dovm 
the  coast,  only  in  the  vicinity  of  the  lowlands 
of  the  Parana,  Amazon,  and  Orinoco  would  the 
operation  be  simplified.  In  the  lowlands  where 
flooding  has  occurred,  the  banks  are  tapered. 
Further  upstream  where  the  rivers  arc  narrow  and 
the  flow  is  swifter,  the  bonks  are  eroded  at  the 
tup,  leaving  steep  ridges*  In  all  cases,  except 
where  the  influence  of  civilization  has  been  felt, 
the  banks  are  lined  with  trees.  Where  the  climate 
is  hot  and  humid,  there  Is  dense  undergrowth 
the  banks  in  areas  where  the  sun  penetrates  the 
shade . 


Exits  from  Atlantic  coast  beache^'  by  trails 
to  falr-to-good  roads  In  the  Salvador-San  Paulo 
area  of  Brasil.  Further  south,  the  roads  are  .tot 
aa  good.  Roads  In  Argentina  ea,.  'tally,  ara  iv^ 
capable  of  withstanding  sustalnsd  military  traff'.c. 
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The  northern  part  of  the  contlnen  beyond 
the  Amazon  basin  Is  generally  a  Code  2  area  except 
where  the  lowlands  of  the  Orinoco  basin  Influence 
the  terrain.  'Phe  art  a  has  nome  mud  flats  and  clay 
but  is  composed  predominantly  of  sand.  The  fore¬ 
shore  gradient  ranges  up  to  20  per  cent  in  places 
on  the  coast  of  Surinam  but  drops  to  around  5  per 
cent  In  the  backshore  area.  Tlie  Caribbean  coast 
beaches  range  from  an  8  per  cent  slope  to  less  than 
1  per  cent. 

Offshore  approaches  require  caution  for  ship¬ 
ping  in  the  area  north  ro  Colombia  because  of  foul 
ground >  scattered  rocks,  reefs,  bars  and  islets. 

On  the  nearshore  approach  oil-well  derricks,  pipe 
lines,  piers  and  jetties  are  a  hazard  when  coupled 
with  8-foot  surf  found  In  the  area  during  storms. 

The  DHcklng  terrais.  joncists  of  legoons,  barrier 
islands,  marsli  for«:t  stream  valleys  and  some 
qulcksard.  Tlte  area  consists  of  three  types  of 
coastal  terrain:  (h i  steep  anu  rocky  with  narrow 
sandy  shores,  (b '  vOW  to  hilly  with  some  sand 
chores  and  some  bluffs  and  clirra,  (c)  low.  flat 
sw^inp  with  muddy  cr  setjdy  uho.'es. 

In  the  coastal  area  arouu*.  ‘’he  isthutu:  cf 
Panama^ movement  inland  *c  difficult  If  not  Impossible 
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because  of  thr  ^uiitalns  backing  the  shores  and 
the  dense  tropical  forest  covering  their  slopes 
doan  to  the  sea  The  Pacific  coast  of  Col<»ibia 
has  one  of  the  highest  rainfallt  in  the  world  and 
the  area  is  very  huaid. 

Rivers  on  this  coast  are  short  and  swift, 
unsuitable  for  travel  by  GBM.  Most  are  rocky  with 
aany  rapids  along  their  courses.  Sixty  per  cent 
of  the  surrounding  area  is  \insuitable  for  GBI 
operations.  The  renainder  is  Code  2  type  of 
tcrxltory  with  steep  terrain  backing  tixe  shrrcc. 

Along  the  shores  of  Coloabla  and  Ecuador,  t  .« 
surf  runs  above  10  feet  at  tiaes  arJt  the  tides 
range  froa  4  to  13  feet.  Ilde«  at  the  soutixem 
tip  of  Chile  in  the  Chonos  Archipelago  range  as 
high  aa  20  feet  in  places  and  tne  suz:'  is 
(15  reet  or  aore}  along  ths  whole  southwest  coast 
during  winter  and  spring. 

Host  of  the  roads  on  the  coast  are  poor,  and 
not  connected.  They  auat  be  su«>plsaar.ted  oy  trails, 
waterways  and  railways.  Becmae  of  the  aountsin- 
ous  terrain  and  the  hf-n  cost  of  highways,  the  aost 
frequently  used  ro  '^es  m.'w  *«\>w  Umila  wultable 
for  pack  anlaals.  In  Chile,  eoaatal  madn  are 
nearly  nonaxistent.  Doasstic  and  Intemstlonal 
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aviation  Is  well  developed  to  coiubat  the 

dlfricult  problems  of  communication  imposed  by 

the  terrain.  The  Cede  2  classification  for  the 

/• 

coastal  area  surrcondlng  Concepcion,  Chile,  is  a 
borderline  classification.  Landings  could  be 
made,  but  penetration  of  the  coast  beyond  the  beach 
with  GDts  would  be  in  the  stream  valiey  areas  only 
and  would  be  extremely  limited. 

5.  North  America 

As  in  South  America,  the  western  cumsts  of  the 
continent  are  the  most  rugged.  It  Is  almost  a 
bxiiglo  great  chain  of  mountains  beginning  in 
Alaska  and  extending  southward  through  Canada,  the 
United  States,  and  Central  America,  in  Central 
America^ highlands  extend  almost  without  a  break 
throughout  the  length  of  the  narrow  body  of  land. 

The  only  extensive  area  of  level  lend  occurs  in 
the  Yucatan  Peninsula  of  Mexico.  Elsewhere,  plains 
-.jd  Jowlnaao  ire  few. 

The  coastal  plains  are  narrow  riiv-.'  the  Pacific 
and  slightly  wider  on  the  Caribbean  side.  Itie 
coast  is  deeply  indo.itcd  and  irregular.  T)  :oa8t8 
cT  the  Oulf  uf  Mexico  and  ..  '  Caribbean  are  sMirked 
by  large  bays  and  Iw^.^^ns.  thm  offshore  approaches 
on  both  sides  of  the  Isthsuu  arc  generally  clear 
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wlbh  scattered  islands  arid  extensive  coral  forma¬ 
tions  obstructing  the  near-shore  apwroaches.  As 
the  line  of  greatest  elevation  is  generally  nearer 
the  Pacific  than  the  Caribbean,  the  rivers  draining 
to  the  west  are  short  and  swift  flowing.  Dense 
tropical  rain  forest  occurs  on  the  wetter  lowlands 
with  mangrove  predominating  on  the  coasts. 

Exits  Inland  from  beaches  in  Central  America 
are  poor  and  in  most  cases  consist  of  tracks  lead¬ 
ing  to  urban  areas.  Highi‘:ays  are  well -developed 
only  around  large  cities.  Large  sections  of  the 
area  are  without  roads  suitable  •  ’‘eLlcul  jr 
traffic  and  lO  exist  are  Impassable 

in  wet  weatb  r.  /v_r  and  water  traffic  are  both 
Important  in  central  America  largely  as  a  result 
of  the  InadeCj  ate  and  prlmlMve  3  ^nd  trannporta- 
tlon.  Rivers  emd  lakes  fo-  i  important  route-:  ^ 
and  coastal  u:  ’igatlon  is  ’  ;cn  used. 

Tliere  ai’e  lany  beach,  c  suitabl  o  for  landing 
in  the  Central  imerlca  ar-  ’ .  They  range  from  25 
feet  to  over  10  feet  wlu  .  and  about  half  are  two  , 
or  more  miles  1-  g.  San-  :o  the  general  beach 
material  and  it  'o  firm  Men  WKt.  (Jradlonta  on 
iha  Atlantic  old  are  4  '  cv  cant  to  •»%rly  .hori¬ 
zontal  while  on  \  e  Pad  ric  side  they  run  from  1 
per  cent  to . about  3  pe:  :cnt . 

Best 
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On  the  Pacific  side  off  the  coast  of  Guatemala, 
the  tides  are  the  highest  in  the  area  and  often 
rnan  over  10  feet.  On  the  Atlantic  side  of  Guatemala 
(and  British  Honduras  j  the  surf  is  the  highest  — 
up  to  12  feet  at  times.  Approaches  to  the  shores 
are  partly  obstructed  by  barrier  reefs,  shell 
ridges,  coral  heads  and  sand  bars  on  both  oceans. 
Backing  the  beaches  are  some  low  scarps,  dunes, 
mangrove  forests  and  swamps. 

The  Mexican  coastline  totals  about  E;,4Y0  miles, 
with  1,710  miles  on  the  east  and  ?,760  on  the  west. 

In  addition  to  the  continental  portion,  Mexico 
Includes  the  two  large  peninsulas  of  Lower  California 
on  the  Pacific  side  and  Yucatan  on  the  Gulf  of  Mexico 
side.  The  Lower  California  section  extends  south¬ 
ward  from  the  main  continent  about  76O  miles, 
paralleling  the  Mexican  mainland.  It  is  rugged 
with  numerous  landing  beaches  but  with  few  vehicular 
exits  from  the  beaches.  This  area  ranges  from  one 
to  seven  miles  inland  and  Is  backed  by  mountains 
with  steep-sided  valleys  and  one  or  more  r,r  the 
following: ridges,  scarps,  strips  of  sand,  dunes, 
hills,  intermittent  streams  and  lagoons.  Tld*  in 
the  noraeshoe  area  in  the  noi  '  «rn  part  of  the 
Gulf  of  California  rur.  r'v  high  as  '<0  feet  with  the 
remainder  of  the  coast  tapering  to  as  low  as  ?-foot 
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tidea.  Surf  la  the  upper  Gulf  is  very  mild  (one 
to  two  feet)  wt.lle  In  tne  less  protected  waters 
It  ruits  as  high  as  8  feet,  depending  on  the  season 
and  weather. 

Gradients  on  the  penjnsula  as  well  as  the 
mainland  rang”?  from  2  per  cent  to  around  9  per 
cent  with  predominantly  sand  beaches.  The  approaches 
from  the  west  are  clear  on  the  peninsula  but  the 
approaches  to  the  mainland  are  channelized  and 
obstihicted  by  rocks,  reefs.  Islets,  and  shoals. 

The  mainland  backing  terrain  Is  similar  to  that  on 
the  peninsula  but  not  as  rugged,  with  easier  exits 
by  tracks  to  coastal  roads  and  railroads.  At  the 
southern  end  of  Mexico  there  Is  a  narrow  plain 
across  the  Isthmus  of  Tehuajitepec  which  extends  to 
the  east  coast.  In  other  sectors  of  the  west  coast 
there  are  more  narrow  corridors  or  lowla/ids  which 
extend  to  the  interior  from  most  beaches. 

On  the  east  coast  the  Yucatan  Peninsula  extendb 
to  the  northward  about  280  miles  into  the  Gulf  of 
Mexico.  It  Is  an  area  of  iow-lyir^;  wiruhy  land 
with  few  lakes  or  rivers.  u;-iile  not  ns  extensive 
as  on  the  peninsula,  th^-ce  are  lowlands  tt  ‘oughout 
the  whole  easteivi  coast,  l,.  extend  eorw  TO-niles 
Inland  and  form  a  tropical  belt  which  Is  heavily 
forested.  The  coast  is  deeply  indented  with  bays 
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and  gulfc.  T^iere  ai'j  many  large  Islands  off  t 
coast. 

Because  of  shallow  lagoons,  silted  river 
and  shallow  water,  there  are  no  natural  i.^rboz 
the  east  coast.  (The  west  coast.  In  contrast, 
has  some  of  the  finest  natural  harbors  In  the 
Acapulco  being  an  example.)  niere  are  five  rl 
on  the  Atlantic  side  which  are  navigable  for  s 
distance  from  their  mouths.  A  constant  check 
kept  on  the  delta  depths  to  assure  that  slltln 
does  not  close  che  channels.  The  surf  Is  gene 
rough  (5o8  feet)  but  tides  are  mild,  ranging 
between  1  and  J  feet  during  the  year.  The  san 
shell  beaches  have  about  a  4  per  cent  slope  in 
tidal  wash  sone,  up  to  about  7  per  cent  in  the 
above  high  tide. 

Cuba  and  other  Islands  of  the  Vest  Lndles 
about  the  sane  coastal  features  as  eastern  Hex 
They  are  broken,  aondy  shore  lines  with  numero 
bays,  inlets,  coves,  and  lagoons.  Island  inte 
are  usually  heavily  wooded  with  heavily  oultiv 
sloping  plains  to  the  sea.  Ther*  ^re  many  bro 
rivers  in  Cuba  '  t  only  one  of  ooasMrcial  ixapo 

The  Atlantic  and  Qulf  Coastal  Plains  of  t 
United  States  stretch  from  Cape  Cod  to  Florida 


and  along  the  Gulf  of  Maxlco.  The  area  Is 
generally  low-lying  and  cut  t-y  many  streams, 
is  deeply  Indented  and  marked  by  coastal  lagooi 

tidal  ma.-shes,  deltas,  and  spits.  The  Inner  b*  dary 

of  the  Atlantic  Plain  is  the  fall  line  of  the  er 

Appalachian  Highland  and  the  Gulf  Coastal  Plali 

extends  north  to  the  interior  highlands  and  ce  al 

lowland. 

Tlie  eastern  coast  Is  generally  level  and 
marked  by  a  10-mlle>wlde  coastal  belt  of  swEuap 
land  in  the  southern  two-thirds  of  the  oountry 
Bordering  the  coast  is  a  series  of  low  sea  Isl  s 

built  by  silt  from  the  rivers  and  separat-d  fr 
the  mainland  by  Inlets  and  salt-water  rivers  w  h 

form  the  greater  part  of  an  inland  waterway  pa 
leflng  tlie  ''oast.  Thv;  central  coast  rises  abo' 

^  feet  pf.v  tru  e  .’'iw.-.  sea  level  to  about  JOO  fe  ' 
in  the  vicinity  of  Washington,  U.  C.  enrf 

of  the  beaches  la  predominantly  sand  In  the  eo 
and  gradually  oecomes  mort  rocky  on  the  norths 
ooaets  of  Maine. 

The  norther.n  Atlantic  coasts  of  Kcrth  Arne  a 

are  loclqr  with  'tome  salt  marohee  .nd  narrow,  e  p 

btachcs.  There  are  spate  bars,  :>ffBhore  iel  e 

and  r<ane'^u8  wash  crevasses,  coastal  aettlemen 
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Bhreams,  and  evergreen  forests.  Tides  a 
coast  range  from  9  feet  io  over  30  feet 
Hudson  Bay  area.  The  surf  along  the  Nor 
Is  over  eight  feet  during  the  winter  sto 

The  Gulf  of  St.  Lawrence  is  partlcu 
cluttered  with  islands  and  restricted  ch 
The  beaches  in  that  region  are  composed 
mud>  as  well  as  cobblestones.  The  wide 
valleys  of  Nova  Scotla«  New  Brunswick  an 
Lawrence  region  are  highly  populated,  an 
cat-inns  routes  highly  concentrated  1 
east  sector.  Tlie  coastal  terrain  in  sou 
is  steep  and  tree-lined  with  a  BubF*rged 
and  marsh  area  near  the  Bay  of  Pundy  T 
Labrador  is  steep  and  rocky  and  densely 
The  Hudson  Bay  area  has  a  lowland  belt  o 
backing  the  shore  which  is  Icebound  most 
year.  Almost  30  per  cent  of  Canada  drai 
Hudson  Bay  and  the  many  stream  valleys  i; 
even  though  rooky,  nffer  reasonable  acee 
inland  areaa  by  OFMs  from  the  bay. 

The  i eland  arcs  within  the  Arctic  C 
Archlpe latte;  mshrsoee  a  vas..  triuigular 
cf  inlands  wru  ^  sre  p^rt  the  coastsl 
sloping  gently  to  the  Arctic  Ocean.  The 
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STjreajns,  and  evergreen  forests.  Tldeo  along  this 
coast  range  from  9  feet  to  over  30  feet  in  the 
Hudson  Bay  area.  The  su'i'f  along  the  North  Atlantic 
is  over  eight  feet  dur.ng  the  winter  storm  season. 

Th^  Oulf  of  St.  Lawrence  is  particularly 
cluttered  with  Islands  and  restricted  channels. 

The  beaches  in  that  region  are  conqposed  of  silt  and 
mud>  as  well  as  cobblestones.  The  wide  cultivated 
valleys  of  Nova  Scotlai  New  Brunswick  and  the  St. 
La»frence  region  are  highly  populated,  and  eommunl- 
catinne  routes  highly  concentrated  Ir  the  south¬ 
east  sector.  The  coastal  terrain  in  southern  Canada 
is  steep  and  tree-lined  with  a  submerged  forest 
and  marsh  area  near  the  Bay  of  Fundy  The  coast  of 
Labrador  is  sleep  and  rocky  and  densely  forested. 

The  Hudson  Bay  area  has  a  lowland  belt  of  trees 
backing  the  shore  which  is  icebound  most  o:'  the 
year.  Almost  50  per  cent  of  Canada  drains  into 
Hudson  Bay  and  the  many  stream  valleys  in  the  area, 
even  though  rooky,  offer  reasonable  access  to  the 
Inland  areas  by  QBMs  from  the  bay. 

The  Island  area  within  the  Arctic  Circle  (Arctic 
Archipelago)  embraces  a  vast  triangular  shaped  ^eovp 
of  Islands  which  art  part  of  the  i.  etal  p^aias 
sluing  gently  to  the  Arctic  Ocean.  The  area  Is  Ice 
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bound  BMch  of  the  year  but  the  general  terrain  should 
offer  no  obstacles  to  inland  access  In  isany  areas, 
nie  only  vegetation  In  the  area  Is  of  the  tundra 
dwarf- tree  type.  The  Mackenzie  River  %lley  offers 
an  easy  route  Inland  especially  during  the  cold, 
frozen  season. 

Vest  of  the  Mackenzie  River  are  the  Richardson 
Mountains,  blending  Into  the  Brooks  Range  In  Alaska. 
This  Is  extremely  rugged  territory  with  the  north 
coast  of  Alaska  following  the  trozen  pattern  of 
northern  Canade.  During  the  thawing  season, over land 
travel  Is  practically  Imposs'ble  by  conventional 
means.  The  coastal  backing  terrain  Is  fairly  level 
but  the  area  Is  covered  with  Innumerable  lakes. 

The  area  Is  usually  completely  Isolated  because  of 
the  formidable  range  of  mountains.  Air  travel  Is 
the  only  feasible  mode  el^t  moxtths  of  the  year. 

Further  westwa'd  and  southward  around  the  coast 
Is  more  of  the  same  rugged  terrain.  In  places  the 
wuntalns  extend  to  the  sea  and  in  others  the  sand, 
pebble  and  cobble  beaches  are  backed  lagoons  and 
Intersected  by  streams.  The  constant  freezing  and 
thawing  .'Bakes  the  area  unsuliable  for  any  wheeled 
vehicles  larger  tnar.  a  Jeep.  Tit.  ’^ery  Irregular 
■horellne  has  liedted  erlts  along  gullies  or  between 
lagoons  to  the  tundra  fartlier  Inland.  Moot  beaches 
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are  backed  by  bluffs.  Orly  bracked  vehicles 
could  be  used  for  medium  heavy-duty  operations 
on  land  heretofore.  OEMs  will  offer  significant 
advancement  In  this  ai  sa  in  the  future.  Offshore 
approaches  ax's  cluttered  with  scattered  3hoals> 
rocks  and  islets  south  and  east  of  the  Alaskan 
Peninsula.  North  of  this  area  the  sea  approach  is 
generally  clear.  The  islands  and  peninsula  are 
crossed  with  many  streams  on  their  relatively 
level  northern  side,  but  on  the  Pacific  side  all 
shores  arc  steep  and  rugged  right  to  the  sea. 

The  Yukon  River  provides  the  chorea  along  the 
Bering  Sea  with  a  Code  1  claaslflcation  because  of 
its  access  mute  to  the  interior.  Farther  south, 
Cook  Inlet  provides  a  protected  area  for  landings, 
but  the  primary  exit  Inland  through  the  surrounding 
mountains  is  by  the  Alaska  Railroad. 

Farther  south  along  the  coast  is  the  highest 
most  rugged  portion  of  Canada.  This  region 
includes  the  offshore  ielands  and  the  Coast  and 
St.  Silas  Mountains  in  the  most  westerly  sec^tor. 

The  coast  line  is  penetrated  by  many  fiords  with 
steep  shores  and  backing  terrain.  Among  the 
nuBMrous  Islands  frontinipr  the  sh«.  '  are  the  large 
Wncouver  Island  and  the  Queen  Charlotte  group,  all 


of  which  are  a  part  of  the  complex  which  forms  com¬ 
paratively  restricted  and  channelized  approaches  to 
the  mainland.  The  only  place  of  any  size  on  the 
coast  lower  than  1000  feet  is  at  the  mouth  of  the 
Fraser  River  at  Vancouver,  B.C.  Landings  that  could 
be  accomplished  In  the  area  would  be  restricted  In 
size  and  inland  access  by  heavy  woods  and  rugged 
terrain . 

The  west  coast  of  the  United  States  is  a  con¬ 
tinuation  of  the  features  foimd  on  the  Canadian  .  ' 
coast,  but  the  density  of  ruggednesa  decreases  to¬ 
ward  the  south.  Forests  of  pine  and  fir  imntle 
much  of  the  area  with  wide  belts  of  redwood  along 
the  coast  in  the  south.  Puget  Sound  area  is  the 
lowest  coastal  area  in  the  north*  It  offers  water- 
¥ray  penetration  for  about  100  miles  east  plus  its 
southward  branches --Admiralty  Inlsl  and  Hood  Canal 
(60  miles).  The  surrounding  shores  are  densely 
forested. 

The  coastal  ranges  paralleling  the  shores  of 
the  northern  area  are  interrupted  by  several 
valleys.  The, shores  are  predominantly  rocky 
and  steep  slopes  foini  the  backing  terrain.  Rivers 
and  river  valleys  offer  the  best  .  'and  mutes. 
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e.g.,  the  Columbia  River  is  navigable  ’■/ith  small 
ships  for  about  46o  miles.  Besides  the  wide 
mouth  of  the  Col’ombla,  there  are  several  small  bays 
and  harbors >  There  ari  many  beaches  in  the  area 
and  several  coastal  paries.  Kxlts  Inland  are  by 
scattered  roads «  tracks,  and  cross -coi^ntry  to  many 
coastal  highways  which  parallel  the  shores. 


In  general,  the  coastal  plain  Is  extremely 
narrow  but  widens  out  somewhat  in  the  south.  San 
Francisco  and  Monterey  bays  are  the  only  major  in¬ 
dentations  in  the  southern  section  with  the 
providing  one  of  the  world's  greatest  natural  har¬ 
bors.  Tn  other  regions  the  beaches  are  backed  by 
rocky  cliffs,  bluffs,  wooded  areas,  or  dansely 
settled  regions.  While  offshore  approaches  for 
OEMs  would  be  generally  clear,  continued  inland 
movement  would  best  be  accomplished  by  wheeled 
vehicles  except  lAiere  rivers  and  suitable  adjacent 
valleys  are  avellablo. 


Australia,  New  Zealand,  and  Pacific  Islands  Areas 


Ooeatila  was  most  effectively  brought  t.i>  world 
attention  during  World  War  IS-  It  was  this  area 
that  really  tested  triph.'bioua  (bi^. 'ibious } 
strategy,  capability,  and  flaxibility. 
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Many  vrrccks  still  remaining  in  tne.area  re¬ 
sulted  from  grounding  on  shoals  or  severe  damage 
Inflicted  by  coral  r^efs  anl  not  from  enemy  action. 
The  1230  mile  coral  reef  guarding  the  northeast 
coast  of  Australia  has  long  been  a  hazard  to  marine 
navigation  In  that  area.  At  high  tide  the  reef  is 
submerged;  at  low  tide  It  is  partially  e^qposed.  A 
OEM  capable  of  operating  two  feet  off  the  surface 
should  have  no  problem  crossing  the  area.  Surf 
in  the  area  is  strong  and  d>!rlng  severe  storms 
damage  to  the  bottom  of  OEM  could  result  In  pitch¬ 
ing  wer?  &  problem  and  the  craft  "grounded"  on  the 
coral  while  moving  forward  at  high  speeds. 

in  the  extxerae  northeastern  section  of 
Queensland  Province,  even  after  creasing  the  bar¬ 
rier  reef  successfully,  a  landing  would  be  dif¬ 
ficult  in  the  region  around  Nuagrave  and  Cooktown. 
This  area  contains  the  extreme  northern  tip  of 
the  Great  Dividing  Hangs  irtiloh  extends  to  the  sea. 

On  either  side  of  this  area  Is  a  Code  9  region  where 
landings  may  be  made,  but  inland  movement  by 
GEM  would  be  impossible  with  today's  developr  n  t. 
Th'n  region  Is  rugged  and  tis. ''cal  rain  forest 
vegetation  covers  the  w.wa. 
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The  southern  coaats  of  Australia  are  charac¬ 
terized  by  rugged  cliffs,  many  bajB  and  inlets, 
and  good  natural  harbors.  Eastern  Australia  and 
Tasmania  have  coasts  of  roclcy  headlands  and  bays 
with  some  wide  sandy  beaches.  Southeastern 
Queensland,  eastern  New  South  Wales  and  Victoria 
are  the  most  populated  areas  In  Australia.  The 
southern  end  of  the  Oreat  Dividing  Range  extends 
Into  the  Great  Valley  of  Victoria,  nie  coastal 
region  of  New  South  Wales  and  Victoria  supports 
a  thlclc  growth  of  Eucalyptus  trees,  some  of  which 
grow  300  feet  or  more  high.  The  combination  of 
topography,  population,  and  vegetation  causes 
this  region  to  be  classed  as  unsuitable  for 
amphibious  OEM  operations  in  the  region  between 
Sandy  Cape  and  Sydney  and  limited-suitable 
(Code  2)  in  the  surrounding  area. 

The  northern  coasts  az'e  low  and  level  around 
the  shallow  Gulf  of  Carpentaria,  but  farther  west 
they  become  very  indented  as  the  land  rises  higher, 
shores  become  cliffy,  and  coral  reefs  rcrpoer^r 
off  the  coast  at  Cape  Londonderry.  The  surround¬ 
ing  area,  eastward  from  Queers  Channel  in  Nox  him 
Territory  and  westward  from  k.  *  Sound  at  Derby, 
Western  Australia,  will  *iiow  penetration  inland 
through  the  shores  or  through  rivers  and  estuaric^. . 
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The  west  coast  la  more  regular  and  the  north- 
moving  offshore  current  creates  numerous  large 
sandbars  which  protect  the  coast  from  the  south  and 
west.  The  highest  t^ les  In  Australia  are  prevalent 
In  this  region  ranging  from  3  feet  up  to  31  feet. 
From  West  Cape  Howe  in  the  south  to  Cape  liondonderry 
In  the  north  the  vegetation  Is  varied  and  roll  own 
the  general  pattern  expected  In  the  climate  charac¬ 
teristic  of  the  area.  Eucalyptus  ar.d  woodland 
growth  around  Perth  In  the  south  give  way  to 
raallee  scrub  and  mulga  savannah  In  the  arid  cen¬ 
tral  coaat  and  temperate  mixed  forest  in  tne  ex¬ 
treme  northern  area. 

New  Zealand^  with  a  coastline  of  3000  miles 
and  tidal  range  of  feet  to  13  feet  Is  a  land  of 
many  faces.  The  rcctqr  coast  is  generally  straight 
with  few  good  natural  harbors.  The  shores  are 
bordered  by  extensive  beds  of  sand  and  shingle 
which  continually  block  river  mouths  «tnd  harbors. 

The  islands  are  16  per  cent  forested.  This  is 
predominantly  on  the  west  coaat  of  the  south  Island 
and  the  center  of  the  north  island.  Ihe  two  main 
islunds  are  extreswly  irauntalncis  but  are  cut  'm 
rivers  and  ’TJ” -shaped  v<«lley»  nlch  provide  access 
to  the  area  at  tha  extr*»^ '  nortnem  .Id  and  tha 
extrema  southern  tip  of  the  Islands. 
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The  remaindei'  of  Oceania  represents  a  rela¬ 
tively  smaJ’’  pare  of  the  over-ail  land -mass  of  the 
sector,  but  Its  significance  in  world-wide  politics 
must  not  be  overlo.'ked  or  underestimated.  It  ex¬ 
tends  north  as  far  as  the  Hawaiian  Group  and  west 
as  far  as  New  Quinea  and  the  Carolines. 

In  the  Hawaiian  Islands,  for  example,  OEMs 
would  offer  rapid  inter-ialand  transportation  to 
augment  air  travel  and  supplement  marine  travel 
but  inland  use  would  be  severely  restricted.  The 
islands  are  mostly  mountainous  with  cliffy  head¬ 
lands  in  the  northern  parts  of  most  islands. 

Fifty  per  cent  of  the  Islands  have  rugged  coasts 
with  sheer.  Impassable  cliffs  and  deep  rivers, 
while  the  other  SO  per  cent  are  composed  of  white 
beaches  and  marginal  lowlands.  The  islands  are 
made  up  of  r5ve  volcanic  mountains  and  are  one  of 
the  few  areas  in  the  world  that  are  still  in  the 
process  of  formation.  Island  approaches  are  gen¬ 
erally  clear  for  this  reason --even  though  the  water 
and  temperature  conditions  are  ideal  for  large 
coral  formations. 
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II.  CLASSIFICATION  OF  MILITARY  GROUND  EFF3CT  MACHINES 


1.  INTRODUCTION 

The  world-wide  environmental  data  summarized  In  Chapter  I 
may  be  used  as  a  basis  for  classifying  military  Ground  Effect 
Machines  Into  families  by  size  and  operating  height.  The  dis- 
tj.nctlon  between  marine >  amphibious,  and  overland  operations 
Is  retained  during  this  classification,  although  a  certain 
amount  of  overlapping  may  easily  be  anticipated. 

The  approach  to  vehicle  classification  on  the  basis  of 
the  operational  environment  Is  perhaps  unique.  Such  an  approach, 
however,  seems  more  appropriate  than  optimization  of  vehicle 
parameters  and  then  searching  for  potential  applications.  The 
development  of  OEM  classes  wlvhln  this  chapter  Is  carrlei'>  out 
within  the  broadest  boundaries  of  "practical”  OEM  designs. 

The  classification  Itself  puts  vezy  specific  limits  on  how  big 
the  GEM  can  be  and  what  It  must  do.  The  tebulatlon  of  vehicles 
In  Tables  11,  13  and  1^  Is,  In  effect,  an  envelope  of  basic 
vehicle  requirements  within  the  three  categories  of  anticipated 
operation.  The  following  ground  rules,  outlined  in  the 
Introduction  to  Chapter  I,  should  b**  v«pt  In  mind: 

(1)  The  development  of  tit*.  UEN  classification  considers 

only  vehicles  for  transport  of  personnel  anl  cargo. 

Special  purpose  vehicles  are  not  included. 
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(2}  No  significant  breakthroughs  In  the  present  state- 
of-the-art  have  been  usstmed,  although  improvements  in 
component  and  system  efficiencies  are  Included. 

2.  DISCUSSION  AND  CLASSIFICATION  OF  MILITARY  GROUND  EFFECT 

mimss-mmB - — 

Climatic  and  oceanographic  data  for  the  ocean  areas  of 
the  world  are  summarized  In  Chapter  I,  Section  2.  These 
data  form  the  basis  for  a  classification  of  marine  Ground 
Effect  Machines.  Table  7  shows  the  environmental  factors  hav¬ 
ing  most  specific  Influence  on  marine  GEM  operations. 

(1)  Wave  Halicht 

For  the  majority  of  marine  cperatlons^  the  wave 
height  In  the  operating  area  will  be  the  most  significant 
environmental  factor  present.  Wave  height  determines  'the 
minimum  GEM  operating  height.  At  hlgli  forward  speeds/ 
the  venlcle  will  not  be  able  to  follow  the  wave  system 
wltnout  exceeding  human  and  et.’uotural  acceleration 
limits.  For  the  same  reasons.  It  should  not  hit  any 
wave  crests.  Experience  to  date  on  model  and  prototype 
OEM  vehicles  indlosteo  that  an  operating  height  equal  to 
one-half  the  wave  height  (trough  to  crest),  is  ade<piate 
for  cruise  operation  without  hitting  wave  crests. 

Wave  heights  throughout  the  .  '«an  areas  of  *-he  world 
have  pronounced  seasonal  variation.  Figures  10  and  12 
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Table  7 

Environmental  Factors  in  Marine  Operations 


Environmental  Factor 

Influence 

Wave  height 

Operating  height,  area  and 

1 

seasonal  limitations. 

Sea  ice  j 

Operating  height,  area  and 

seasonal  limitations. 

Wind 

Control  power  design  speeds. 

Temperature 

Powerplant  output,  super¬ 
structure  icing  -  Chapter  III. 

Salt  apray 

Design  and  equipment  require* 

ments  -  Chapter  IV. 

1 

Other  climatic  factors  1 

Induced  environment  factorsr 
Combat  environment  factors! 

Design  and  equipment  require¬ 
ments  -  Chapters  111.  IV . 

in  Chapter  I,  foll'jwing  page  85^  show  the  frequencies  of 
five- and  12-foot  waves  over  the  oceans  of  the  world,  dur¬ 
ing  the  local  winter  season  and  the  local  summer  season. 
Table  8  summarizes  these  data. 

From  the  tabulated  wave-height  data,  a  range  of  sea¬ 
sonal  operating  feasibility  can  be  developed  for  the  major 
ocean  areas  of  the  world,  divided  Into  latitude  bands. 
!niese  results  are  tabulated  In  Table  9.  The  data  In 
Table  9  provide  a  sound  basis  for  classification  of  marine 
Oround  Effect  Machines,  with  operating  height  as  the 
prLmary  parameter. 

(2)  Sea  Ice 

*  '  ’ 

The  occurrence  and  height  of  solid  and  floating  sea 

Ice  has  a  significant  effect  on  the  operations  of  marine 
aSNs*.  Figures  8  and  12  in  Chapter  following  page  0$, 
sunnarizes  the  oouurrenoe  of  sea  loe  in  the  winter  and 
summer  hemispheres.  Reference  to  these  figures  and  the 
accompanying  disoussion  shows  that  these  areas  are  llm* 
Ited  to  above  6o^  N  in  the  winter  and  above  80^  N  in  the 
summer,  in  the  North  Atlantic  Ooeani  whllu  in  the  North 
Pacific  the  occurrence  of  sea  ice  is  very  un'^ommon  even 
during  the  winter.  In  the  southern  hemisphere,  the  ice 
pack  around  the  Antaz>otio  continent  extonds  to  3  in 
the  Pacific,  and  56^  S  in  the  Atj^  *'tio  in  the  winter. 


-231 


Table  8 

Summary  of  Wave  Height  Data 
(See  Fig'jreSlO  8  id  12,  Chapter  I) 


Percentage  Occurrence  of  Wkvea 

Summer 

Winter 

Ocean  Latitude 

>5  ft.  >12  ft. 

>5  ft.  ,  >12  ft. 

North  Atlantic  0-20°  N  10-30 

20-40°  N  5-30 

40-60°  N  20-50 


North  Pacific 

0-20°  N 

<10 

20-40°  N 

neg-10 

40-60°  N 

neg-20 

South  Atlantic 

0-20°  S 

<20 

20-40°  S 

10-40 

40-60°  8 

30-60 

South  Pacific 

0-20°  S 

<20 

20-40°  S 

10-50 

40-60°  S 

40-80 

Indian 

0-20°  N 

neg-50 

0-20°  S 

neg-80 

20-40°  8 

10-40 

40-60°  8 

20-00 

Arctic 

Above  60°  N  * 

nef-40 

Antarctic 

Above  80°  8  * 

2w-'f0 

*PartiaUy  ice  covered  - 


neg  (  5) 

10-50 

<5 

neg 

20-70 

neg-20 

neg- 10 

40-80 

10-30 

neg 

neg- 30 

neg 

neg- 5 

10-80 

neg- 30 

neg- 5 

10-80 

10-30 

neg 

neg- 30 

neg 

neg- 10 

neg-60 

neg 

10-40 

20-80 

neg-20 

neg 

neg- 30 

neg 

neg-10 

10-50 

neg- 10 

neg-70 

30-70 

10-40 

neg-10 

<  10 

neg 

neg 

Reg-60 

neg 

neg 

10-80 

neg- 10 

5-40 

20-6." 

ncg-20 

''eg-20 

10-50 

5-40 

neg -60 

10-50 

neg- 30 

See  Figure  8 
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Seasonal  Operating  Feasibility  -  Ocean  Areas 


Percentage  of  Time  Operations  are  Feasible  at  Given  Heights 

Summer 

Winter 

GEM  Operating  Height  (ft) 

2.  S 

6 

2.  5 

6 

Ocean 

Latitude 

North  Atlantic 

0°  -  20°  N 

60  <80 

85 

50-90 

95+ 

20°  -  40°  N 

70-85 

95 

30-80 

80-85 

o 

o 

CO 

• 

o 

o 

50-70 

80-85 

20-60 

50-90 

North  Pacific 

0°  -  20°  N 

80+ 

85+ 

70-90+ 

95 

20°  -  40°  N 

80-85 

85+ 

20-30 

7r-93 

40°  -  80°  N 

80-85 

88+ 

20-80 

70-90 

South  Atlantic 

0°  «  20°  S 

80+ 

88 

70-80+ 

95 

20°  -  40°  S 

60-80 

80-05 

40-80+ 

95 

40°-80°S 

40-70 

60-80 

20-60 

80-85 

South  Pacific 

0°  -  20°  S 

60+ 

85 

70-80+ 

95 

20°  -  40°  S 

50-80 

80-85 

50-80 

80-85 

4C°  -  60°  8 

20-60 

30-85 

30-70 

60-80 

Indian 

0°  -  20®  N 

50-86 

80-854 

80+ 

85 

0°-  20°8 

60-86 

86 

50-80+ 

85 

10°  -  40° 8 

60-80 

85 

40-80 

80-8S 

40°-60°8 

40-10 

60  >25 

40-5  • 

80-85 

Arctic 

Abova  60°  N 

60-85 

80-85 

50-80 

60-85 

Antarctic 

Abotr«60°8 

30-60 

40-85 

50-80 

70-85 

while  receding  to  near  the  cpntlnental  Ijjnlts  in  the 
summer. 

*  tv.— - 

Very  little  quantit  ative  d^ta  dhout  thickness  of  Ice 
and  surface  roughness  are  presently  available  but,  for 
example,  Ice  hummocks  20-25  feet'^lgh  occur  In  the 

V  i**. 

Arctic  Ocean,  north  of  the  U.S.S.^  The  fringes  of  the 

■  * 

Ice  pack  are  likely  to  have  rough  ^i^Arfaces  and  large 

floating  fragments,  and  should  be  ^^olded  for  most  OBM 

operations.  Since  ocean-going  OBNalwlll  probably  have 

to  be  equipped  with  radar  for  coll^lon  avoidance, 

operation  In  ai'eas  of  Infrequent  Idabergs  should  not  be 

*> 

particularly  hasardous .  ^ 

(3)  Wind 

Winds  are  more  significant  In  marine  OEM  operations 
than  In  overland  and  amphibious  operations.  This  is  a 
result  of  the  higher  occurrence  of  prevailing  surface 
winds  over  water  areas  than  over  land,  as  well  as  the 
necessity  to  provide  fuel  reserves  for  longer-range  oper¬ 
ations  . 

Since  the  OBI  operates  as  a  free  a.ir  vehicle  (except 
vehicles  with  sidewalls),  the  effect  of  wind  Is  similar 
to  that  on  aircraft.  Ground  Breeds  are  reduced  head- 
vinds  and  increased  by  tailwinds,  "‘veponents  cf  wind 


normal  to  the  flight  oach  require  control  power  for 
crabbing  the  vehicle  Into  the  wind. 

Wind  data  for  the  ocean  areas  of  the  world  have 
been  summarized  In  Chapter  I>  Figures  9  and  11,  follow¬ 
ing  page  85.  These  maps  show  the  percentage  occui'rence 
of  surface  winds  above  10  knots  and  above  33  knots 
(gale  force).  The  wind  data  distribution  is  >  similar 
to  those  for  wave  heights,  since  wave  height  Is  largely 
a  function  of  wind.  Accordingly,  the  requirements  for 
operation  in  frequent  high  winds  usually  accompanies  the 
requirement  for  operation  In  frequent  high  waves.  Table 
10  summarizing  occurrence  of  winds  above  10  knots  and 

above  33  knots  may  be  matched  closely  with  Table  0 
« 

showing  occurrence  of  specified  wave  heights.  The  data 
of  Table  10  may  be  used  to  further  apeoify  the  basic 
parameters  for  auarine  OBM  vehicles  in  tenas  of  control 
power  requirements  and  in  terms  of  design  speeds  required 
to  achieve  a  given  point-to-point  speed. 

For  operation  in  coastal  waters  only,  the  requirements 
for  traversing  wave  systems  are  often  greatly  reduced.  While 
wave  heights  will  be  a  less  severe  lUaitatlou)  ice,  wind,  surf, 
and  width  of  channels  will  determine  the  feasibility  and-r«- 
quirements  for  OBI  operations.  Further  analysis  of  sioh  opera- 
tioru  is  contained  In  the  next  section  *  this  chapter. 
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Table  10 


Summary  of  Wind  Data:  v  . 
(Sec  Fi^ui^O  s  id  IS.  Chapter  I) 


Percentage  Occurrence  of  Winds 

Summer 

Winter 

Ocean 

Latitude 

>10  kta 

>33  kts 

MO  kta 

>33  kts 

North  Atlantic 

0°  -  20“  N 

10-60 

<3 

30-60 

<5 

O 

o 

o 

o 

10-60 

<3 

30-80 

neg- 1 5 

40°  -  60°  N 

20-60 

neg-5 

60-90 

10-30 

North  PauiTxc 

0°  -  20°  N 

10-60 

<5 

40-60 

<5 

20°  -  40°  N 

10-60 

<5 

40-70 

5-15 

40°  -  60°  N 

10-50 

neg-5 

60-80 

5-“0 

South  Atlantic 

0°  -  20°  S 

20-50 

<5 

20-60 

<5 

20°  -  40°  S 

20-70 

neg-5 

40-80 

neg-15 

o 

o 

• 

o 

o 

CO 

60-80 

5-15 

60-90 

5  20 

South  Pacific 

0°  -  20°  s 

10-60 

<5 

30-60 

<5 

20°  -  40°  S 

10-60 

tieg'S 

40-70 

neg  10 

40°  -  60°  S 

50-80 

5-15 

60-90 

5-30 

Indian 

0°  -  20°  N 

40-70 

neg-15 

10-50 

<5 

0°  -  20°  S 

10-60 

<5 

20-60 

<5 

20°  -  40°  S 

40-70 

neg-S 

60-80 

neg-10 

40°  -  60°  S 

50-60 

5-15 

SO  00 

10  20 

Arctic 

Above  60°  N 

30-80 

neg-10 

60-90 

15-30 

Antarctic 

Above  60°  S 

No  A  ta  - 

-  -  - 

-  -  No  Data  - 

.  .  .  ^  . 

The  suggested  classirioe.tion  of  mar.lr.e  GEMS  Is  given  In 
Table  11.  There  are  two  broad  groups  of  vehicles  classified 
in  this  table.  Classes  I  to  V  are  marine  GEMS  with  conven¬ 
tional  annular  Jet  or  plenum  chamber  systems.  Classes  1-A  to 
V-A  are  marine  sidewall  GSMs  with  solid  portions  of  the  vehicle 
extending  below  the  water  surface.  In  the  most  typical  case 
along  the  longitudinal  dimensions  only. 

The  sidewall  OEM  has  been  shown  to  have  lower  power  re¬ 
quirements  at  low  speeds.  Its  high-speed  capability  Is, 
however,  severely  limited  by  wave  drag.  The  sidewall  GEN  la 
also  precluded  from  all  operations  outside  water  areas,  except 
by  very  special  design  and  construction.  For  overwater  use 
the  stability  afforded  by  surface  contact  may  In  some  oases 
outweigh  the  speed  and  operating  area  llaiitatlons  Imposed 
on  the  sidewall  configurations.  The  effects  of  operations  in 
wave  systems  on  sidewall  configurations  are  being  investigated. 
Qhtil  further  test  results  are  available,  it  is  considered 
appropriate  to  classic  these  with  the  same  site  full  (UN 
configurations . 

The  olassiflcation  of  marine  OMs  outlined  in  Table  11 
is  based  on  planfom  slses  and  operating  heights  appropi'iate 
for  ovar^ter  operations.  The  corresponding  sidewall  con¬ 
figurations  listed  in  the  right  oolu«mriS  of  Table  11  aru  in- 
tendec  for  use  on  water  eurfsees  only,  w...  the  'full  GEN* 


Table  11 

Marine  GEM  Claaaffication 


(full  peripheral  .jet  or  curtal.1)  configurations  may  have 
limited  operating  capability  In  cleared  land  areas  adjacent 
to  waterways. 

For  each  marine  vehicle  class  the  normal  orulse  height  is 
the  operating  height  above  the  undisturbed  water  surface  for 
the  design  cruise  speed.  Because  of  the  depression  of  the 
water  surface  by  the  air  cushion  at  hove'*  and  at  low  speeds, 
the  design  height  for  determination  of  pow**"  requirements  will 
be  somewitat  greater,  particularly  for  high  planform  loading 
OEMs. 


The  maximum  orulse  height  la  the  operating  height  at 
cruise  power  for  operating  over  wave  systems  at  speeds  from 
one- half  to  two •thirds  of  normal  orulse  speed.  The  maximum 
cruise  height  for  marine  OEMs  has  been  chosen  as  approximately 
50  per  cent  above  the  normal  orulse  height.  Analysis  of  power 
requirements  for  current  state-of>the-art  OENa  shows  that 
this  height  can  be  maintained  at  about  the  same  over-all 
orulse  power.  If  the  speed  is  reduced  to  one-half  to  two-thirds 
of  normal  cruise  speed. 

With  the  operating  condition  of  the  veiiiclo  aeight  equal 
to  half  of  the  wave  height,  the  seasonal  operating  fesalbllity 
in  the  open  sea  can  be  roughly  deteriiJned  by  reference  to 
Table  9.  Inspection  of  Figures  10  and  will,  however,  givt 
a  acsewhat  bet*-cr  gcographlo  picture  of  operating  fesslbllity 
In  s  given  area. 
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The  warning  previously  given  about  ayplloatloa  of  theee 
results  should  be  kept  In  mind:  planning  a  specific  operation 
or  route  requires  the  appllcrtlon  of  data  more  detailed  than 
that  presented  in  this  chapter. 

The  deslg.;.  winds  listed  in  Table  11  are  the  maximum  winds 
likely  to  be  encountered  it  least  10  per  cent  of  the  time  in 
the  areas  with  wave  heights  mat*  hlng  the  maxlioum  operating 
heights  specified  for  esch  claus  Control  power  and  propulsion 
power  for  each  class  of  vehicle  snouid  be  sufflclert  to  pro¬ 
vide  the  desired  performance  In  all  wln/^a  up  to  the  value  given. 
Alternately,  a  vehicle  specification  shnv*.**  Indicate  acceptable 
perfcrnance  degradation  In  tne  precorce  of  these  wlnda. 

Pending  the  outcome  of  current  laboratory  invcatlgatlona, 
the  sidewall  configurations  are  classified  on  the  basle  of 
base  clearance  heights  (•eaaurad  from  the  bottom  of  tha 
vehicle,  not  including  the  sidewalls  or  akega)  equal  to  the 
maximum  orulae  heights  of  tha  full  QIM  configurations.  When 
more  data  beooma  available  on  structural  loads  and  stability 
of  the  Bldewall  configurations  In  wave  ayatama,  the  claaslfi- 
oatlon  may  oa  modified  If  naceaaary. 

Effects  of  tasperature,  salt  spray,  and  other  climatic 
factors,  as  well  oa  th«t«  of  the  Induced  and  combat  ativlron- 
mants.  are  diaouated  In  Chmpter  XZI.  A  v  *ef  dlsouacicn  of 
vehicle  performance  within  the  cleaelfloetlon  of  Table  11  la 


rrecr'ntccl  in  Chapter  -.ncludec  the  development  of 

poiver  requirements  and  payloe.d-ronge  capabilities. 


A  parameter  of  partlcu  ar  importance  in  marine  operations 
is  vehicle  cruising  range.  It  Is  perhaps  obvious  that  the 
smaller  vehicles  cannot  operate  freely  in  ocean  areas,  even 
during  the  calmer  pei*lode,  because  their  range  is  limited  by 
the  available  fuel  load.  Some  further  discussion  of  fuel  con¬ 
sumption  and  range  determination  Is  included  In  Chapter  IV. 


b’rom  the  environmental  point  of  view  desirable  ranges 
for  marine  OEMs  are  a  few  ml!)'**;  —  ■t-Tvavoi  o  mpinlend 

to  offshore  islands  —  to  transoceanic  stage  lengths  upwards 
of  2,5C0  nautical  miles.  Because  of  the  great  variety  of  ar^as 
in  which  military  (or  commercial)  marine  OEMs  may  be  ooerated, 
two  exar-.ples  of  typical  numbers  In  the  range  problem  may  be 
useful. 

Assume  marine  GEM  operations  are  being  carried  out  on  a 
general  network  of  routes  in  two  areas:  the  Mediterranean  Sea 
and  thp  '’.outheast  Asia  Island  fringe.  What  ranges  would  be 
appropriate  for  these  operations?  By  neglecting,  for  the 
moment,  all  cthei'  conslderationo,  typical  range  numbers 

can  be  obtained , 


The  Mediterranean  Sea  is  about  200  m51es  long,  but 
mostly  less  than  350  miles  wid-  (all  aista...e8  In  nautical 
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miles).  Overwater  dlstancct’  between  pairs  of  tenn3.nalB, 
grouped  In  convenient  f'  l^age  xs,  are  listed  below: 

100  miles;  Venlce-lrleste,  Belrut-Cyprus,  Malta- 
i'lclly,  Slclly-Tunlsla,  Tangler- 
Olbrr.ltar.  Nlce-Corelca. 

100-200  miles;  Rome -Sardinia,  Marseilles -Corsica, 

Athans-Crete,  mpoll-Malta,  Palemo- 
Naples,  Alglcrs-Cojast  of  Spain. 

200-300  miles:  Rome  i’farsellleb,  Algiers -Barcelona, 
Alexanfiria-Coast  cf  Turicey,  A«i.';nu- 
Coasc  of  Libya,  Blzerte-Naples. 

300-500  miles:  Alglers-Mazsellles,  Algiers-aibraltar, 
Barcej ona-Rome.  Alaxandrla-Athens, 

Palermo -Qcnoa,  Tunls-Oenoa. 

Marine  OEM  operations  In  Southeast  Asia  would  connect  a 
fiujiiot.i’  c.i  islajids  witii  each  otner  ana  with  the  mainland.  A 
representative  area  would  Include  Indon.'iula,  the  Philippines, 
Taiwan,  the  d'.autal  area  of  China,  Indochina,  Thailand,  Buma, 
and  the  Malay  Peninsula.  Distances  between  islands  within  the 
Philippine  group  averages  less  than  50  miles,  while  lit 
Indonesia  the  range  Is  50-200  miles.  Dlsuanoe  between  island 
groups  in  this  area  and  the  mali.'ond  varlt..  <'rom  100  to  600 
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miles.  Some  repreeentative  ovanntev  dlecancec  within  this 
area  arc. (slven  below  (all  In  nautical  miles): 


Kong  Kong-Talwan  330 
iJong  Kong-Phlllpplnes  (Llng^en  Qulf)  300 
Sa.'^on-Slngapore  390 
Salgcn-iK)meo  620 
Slngapore-DJakarta  480 
Talwan-Amoy  13C 
Ucmeo-Miinlla  360 
jHva -Borneo  260 


Ihe  two  examples  above  are  representative  of  some  of  the 
art. as  of  tne  world  with  nimerous  ovorwater  routes.  Military 
p]«jiners  will  be  eble  to  adaot  the  range  data  presented  In 
Chapter  IV  to  the  particular  area  of  interest.  For  the  pres¬ 
ent,  range  re<ttilrements  v'lll  not  be  specified  within  the  marine 
classlflcatlcn 

3.  DISCUSSION  AND  CLASS IPICATZON  OF  NILITAmr  (nOUND  8FFSCT 

The  world-wide  environmental  data  for  overland  operation 
cf  around  Effect  Machines  are  summarised  In  Chapter  I,  sec¬ 
tion  3.  The  beokgx'ound  date  are  contained  wlthlxt  Appendix  B. 
Based  on  the  available  etate-of-the-* ^t  data  (29,  32,  j7.  39) 
for  a£.4  deelgn  and  perfonsance,  Table  12  ..  ‘'ws  epeolfio  in- 
riuenoee  of  each  factor  on  the  baelo  vehicle  psremetere. 
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Table  12 

Environmental  Factors  in  Overland  Operations 


Environmental  Factor 

1.  Altitude,  temperature,  humidity 

2.  Slope  of  surface  terrain 

3.  Drainage  features 

4.  Vegetation  and  surface  cover 

9.  Terrain  obstructions  and 
discontinuities 

9  WuiO 

7 .  Sand  and  dust 

8.  Other  climatic  factors  1 
8.  Induced  enviro  ir.:^nt  factorsl 

10.  Combat  environment  factors! 


Influence 

Power  plant  performance 

Power  requirements,  area 
limitations 

Vehicle  size,  area  limita¬ 
tions,  speed  limitations 

C^erating  heights,  vehicle 
size,  area  limitations 

Operating  heights,  power 
requirements,  speed  limitations 

Control  power 

Downwssh  coi.trol  -  Chapter  111 

Design  end  equipment 
requirements  •  (tlmpters  111.  IV 


Iliese  factors  ai«  dlacusaed  li>  ao.rte  dfttail  l.i  th«  i  ■> ; 

paragraphs . 


These  factors  Influence  primarily  the  .crplant 
output.  Data  covering  the  rangr  of  oper«tln  altltu’er 
have  been  assembled  as  part  of  the  physical  '^tures  aj^c 
are  listed  be.'ovf. 

The  world-wide  breakdown  of  altitudes  of  all  land 


ai^as  Is  as  follows: 

below  sea  level  ro  ligible 

sea  level  -  3i000  feet  70}( 

3,000  -  5,000  feet  19ff 

5,000  -  10,000  feet  df( 

over  10,000  feet  3f( 


Because  mo)it  of  the  higher  elevati  areas  are  asso¬ 
ciated  with  areas  of  steep  slope,  the'  arf  ruled  out  for 
OBN  operations  anyway.  Based  on  wor}  <  wide  operations, 
the  appropriate  distribution  for  over  and  OBM  operations 
should  be  more  nearly: 

sea  level  -  3,000  feet  90^ 

sea  level  -  5,000  feet  991^ 
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;  ''om  theoe  numb*  ■:  can  be  at.i;  hit  provlsi*:. 

*  high  altitude  c]>f'  'is  will  not  b*  t  serious  proo 
■m  if  present-day  aJ  -ci.  and  automotlv  ■>  /ehlcle  type 
rower  plants  are  unet  , 

( 2 )  Slope  of  Sur^a*-  a  Terrt. ;  n 

The  basic  principle  ox  '/ound  effect  .lach?' 

al’  ov;?  rov'er  reqrix  ements  tc  be  i  inlficantly  >.1 

■  ,  those  required  to  lift  hu  vei  .cle  in  f  ^e  ..Ir. 

V,'hen  .EM  op- .rates  on  a  .ting  s  “face,  ti.  '  •I'Ziht 
component  p-  • .  el  to  the  sur  ace  must  he  balanctu  oy 
direct  thrust,  '  •  unai>l.  i  by  the  x  -ound  effe».t,  or 

by  surface  fr  tlon.  Tin  .  jvtraing  ai'. -ts  of  stee^ 
slopes  requlx-  a  uneconomical  of  povr  -r. 

The  die-  .’Ibution  of  terra.'»  •  slope.  »"u.  novt  the 
world  is  as  ollov/s; 

slope  gradient  0  -  lOJf  585^  of  la  v;  rea 

10  -  305^  235^  of  Ian*,  area 

greater  then  0^  19}^  of  land  .  rea 


(si  '  is  expressed  in  per  cem  gradient  should  be 
dif  *  r’ngulshed  from  angles  exi  •  issed  in  degrees: 

•  i;,radlent  is  the  tangent  o.  the  angle.) 


vision  of  power  for  operau  h  In  areas  of  slope 
gi  V.  .  than  30$^  (where  direct  thru^  must  equal  .30  x 


.1 

I 


’:ro33  weight  to  hold  position)  la  uneconomical  for  pre- 
sr  it  state-of-the-art  machines.  Since  these  areas  are 
fo-  the  most  part  segregated  In  the  mountainous  areas 
of  wi. »  earth,  they  will  be  considered  "un-GEM-able"  end 
ellmini.  cod  from  further  consideration  for  OEM  operationf 
thr-augiic."t  this  study.  Local  areas  of  steep  slope  must 
be  avoldei  during  operations.  Short,  steep  slopes  on 
the  banks  o.'  rivers,  gullies,  and  other  terrain  depres¬ 
sions  are  di;  '.ussed  later. 

Slopes  of  .  0  per  cent  to  30  per  cent  will  also  re- 
qul:  •*  additional  •>ower  expenditure  for  operations.  How- 
ever,  .hese  areas  .ve  widespread  amd  quite  evenly  dis¬ 
tributed  throughout  *he  world's  land  masses.  It  Is, 
therefor'  -  ecessary  ’.hat  ground  effect  machines  design* 
for  ov'^rljijci  l  •  '  'tlons  should  have  at  least  nominal 
perf c 'a’uJ'ice  caj..  ill  irhaps  5  mph  speed  Is  sufflclei 
In  -reas  of  •  cO.  :  up  to  ■  »er  cent.  Even  a  OEM  desig; 
■)n:  /  '  o-  , '  j-ted  local  opait-M  .3  will  need  slope  capa- 
t'  up  to  about  15  per  ‘JS'  > 

g  ".■*  requirement  vo  be  appi  ed  to  ovei  i£  .  ''tEMs  for 
'  I’ect  mac'  ines  is  rben: 

11  .ed  locax  ■'oezeti  ns,  slope  capabill 
t  cent  -iiy' 
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for  general  overland  operations,  slope  ca 
blllty  to  10  per  cent  at  normal  operating 
speed,  and  slope  capability  to  30  per  cen 
nominal  speed  In  all  directions  (the  OEM  . 
be  controllable  on  downhill  runs  and  side 
slopes,  as  11  as  uphill  climbing). 

(?.’  Drainage  Featarec: 

The  ability  of  the  ground  effect  machine  to  ut 
w-'torways  for  cross-country  operation  Is  a  signlflc 
feature  .  .  tr '  •  "n/ard  wllicary  applications, 
overland  OEM  should  be  able  t.^  optirate  o-:'  - 

across  stream  valleys j  thus  the  ability  to  climb  st 
banks  Is  Important.  Many  areas  of  the  world  are  ac 
slble  only  through  waterways;  and  the  high-speed  ca 
blllty  nf  the  OEM  in  these  areas  will  add  to  mlllte 
vinlt  mobility. 

The  characteristics  of  stream  valleys  and  othc 
land  waterways  peculiar  to  each  continental  area  h£ 
been  discussed  In  Chapter  1.  On  a  world-wide  basli 
widths  of  the  majority  of  Inland  stream  valleys  at 
mean  water  level  Is  between  60  and  2^0  feet.  Althc 
the  reliability  of  a  bi 'clflc  number  Is  poor*  It  1> 
estimated  that  about  three-iourths  of  the  streams  i 
military  significance  are  over  100  feet  wide,  and 
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In  tho  i 


95  per  cent  are  over  6C  feet  wide, 
moat  of  central  Africa,  European  U.S.S.R.,  i 
China.  India,  and  parts  of  Alaska  and  Aslat; 
moat  of  the  rlvera  are  over  250  feet  wide. 
th3  rest  of  the  world  are  a  number  of  wide  i 
vldlng  access  to  large  arcasi  many  of  the  ti 
of  these  rivers  are,  however,  less  than  250 

Experience  of  rhe  iir.  lr.ish  with  uie  I-Iovt 
SR-Nl  Indicates  that  OEMs  car.  be  operated  c-1 
only  where  the  width  of  the  river  Is  thre«  t 
that  of  the  vehicle.  In  closer  quarters,  wl:. 
problems  are  more  critical,  the  OEM  cowld  o^. 
operated  as  a  displacement  vessel. 

OEM  vehicles  with  sidewalls  extending  I 
water  surface  may  also  be  used  to  advantage 
Since  these  craft  cannot  operate  in  land  are 
classified  with  the  marine  OEMs. 

In  addition  to  the  stream  valleys,  thei 
ber  of  artificial  waterweiys  in  many  of  the  j 
of  the  world.  These  range  in  width  mostly  1 
150  feet,  but  many  narrow  to  S'"’  feet  at  brie 
waterways  wil.  nrobably  be  of  only  limited  i 
operation.'.'  because  u'  the  width  reatrletlonf 
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Operation  <jn  frozen  watez*wayB  Ic  als 
Under  the ae  coi'idltlona  obstructions  of  ri 
hiiramocked  Ice  can  be  treated  as  any  other 
straotionf, . 

Most  Inland  waterways,  whether  natur 
clal,  generally  have  calm  surfaces  so  tha 
height  of  one  foot  will  be  sufficient.  A 
In  use  of  waterways  is  access  from  the  ad 
areas .  In  most  of  the  mountain  areas  of 

streams  have  high  steep  banks  which  limit 
places .  Throughout  the  world  only  about 
the  stream  valleys  have  generally  free  ac- 
to  water  and  back,  so  tixat  operation  may 
planning. 

•Tae  of  stream  valleys  for  QSM  operat 
Impose  a  restriction  on  cruising  coeeat  u 
high  control  power  needed  to  traverse  sma 
bends.  With  OEM  design  state-of-the-art  . 
level,  laterall  accelerations  of  ,1  to  .15. 
inn*''.mum  which  can  be  obtained,  Using  the 
VA.  .  •,  t.ui’T.lng  Mfuieuvers  of  small  iudius 
out  at  relatively  low  speeds  only.  For  e. 
,lg  lateral  acceleration,  a  >0°  turn  at  4 
require  a  radlu  of  1,420  feet;  at  3^1  kno 


of  tu-n  would  be  800  feet.;  of  knots  it  would  be  3,200 
feet. 

The  curvature  of  ri'  ers  varies  greatly  from  place 
to  place,  but  meaourements  from  several  large  scale  maps 
indicates  a  range  of  ooinnonly  encountered  characteristics 
For  large  rivers  with  widths  of  300  to  1,500  feet,  bends 
of  radius  1.5  to  6  x  wldta  ocv-ui’  at  s  pacings  ranging 
from  3  to  30  x  width.  ’?or  the  siajorj.ty  of  rivers  through 
out  tlie  v;orld,  whlcn  are  between  100  and  250  feet  wide, 
as  noted  earlier,  application  of  these  parameters  Indl- 
/'n-k<»s  of  small  OEM  vehicles  on  waterways 

with  widths  of  100  feet  will  probably  Lt?  limited  to 

y' 

cruising  speeds  below  30  knots,  ana  ors*-c*i'ion8  on  water¬ 
ways  with  widths  of  250  feet  will  probably  be  limited  to 
about  ^0  knots. 

Higher  speeds  could  be  used  on  straight  stretches, 
although  acoGleratlon  and  deceleration  will  consume  part 
of  these  distances.  For  example,  with  typical  OEM  ac¬ 
celeration  and  deceleration  capabilities  of  .Ig  and  -»2g, 
respectively;  the  distance  to  accelerate  from  40  knots 
to  80  knots,  and  later  to  decelerate  to  HO  knots  again. 

Is  nearly  3,200  feet.  This  Is  almvist  half  the  lor'jest 
straight  stretch  between  bends  01.  •‘•vplcal  rivers  of  250 
"00 t  width. 
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'ITiit-  .••jsT-tutt  1±r  .  .^^^^‘Hiuxaiissj  'XJnrmstjrtX 

i-*11LU.  (»rl4c/  kAist&aadloiadJJy  iiee  aifcLfee  txo 
iittLOl^  ij^j^atffcbr.  1lr*  eoacg«CE3  ocCf  ^HDO  Itectte.  TThna^,  ajpaxUSIi- 
cjsdtutari  oXT  cttssL^i  ccmiLfip  sq^meid  rCcit-  aVMtdlmcfti  GfflBIfe  l±n 
'.-'XCEjass  oai  i5^  its  ||naj!iiskti4^  rndrt  vMonxaztaeti .  rmeMri  vMJttli 

:sLU±®MkO±r  vJliLIli  rtawA'e  iieBES  3sa*ea«e  niaaiwiv»aal±igEipMS0ioiB^, 
ctoitt  tfctedLlrr  s5pa<ii±s  aoBt  .'JtnLttgti  'tfaeree  <jiag5 . 

TTiae  rri-feglffLhzaitt  rga8ul\;te  fTXf  csinaltitetLti^  aaATaaam  v\edJLb9y 
gaia.1  iliil'3iatl  ojpsmcx/ms  fear  (XiMfe  ttiipiaiaitaoitt  ttlse 

vMXxHJdd  aaMe : 

il .  22&-£E»a<rt  vAtiiUxi  vieexttjjK  vxifitth  vuandtike  '.•rt.W'  masse 

otm  3BaT  fxwTtt  c<<^.-!?5WiT!aB^ 

iSCKXfflox  vgMid^i  •  >/i*iiibaj:e  iMHawa.iae  o®n  (mssaxz  fit  ijsqt 
cssaitt  aSH  urscoistm^, 

^0-€£lG>^£a]xtt  v*tUith  vetiliaibR  ussefttike  iin  IJteigBe  aargan 
adr  csmviiTdl  agxaiith  Miatnifcan  eaxid  ocsittai^l.  M?t!tgQj 
vJieaa-tiammsSiSflfi,,  saoottiasTnaHttJsx^,  aaxii 

aa>ia;ategca  HrexamxnsE*  ed.l.~:;T>ririiaTXt  Mtb3^L;&aBa4:9!lji 

f-Miscii’rli  sj^itfeaig,  ’'IXiHoan ,  ri*JLbe  iisrtt  liSibaxldcaS:^ 
dinsf:  itn  aeisn  ritgfljgMgau^haateeg ; 

22 .  3d:tee¥p  btaazkks  aare  ^p^'.’xUantt  lln  aam  nntoini.  •2011  seasmasa, 
msSd  fjggieaTaanHy  am  aWaxmt .  roi  p^TD  ’ia^,jar 
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stz^aoB.  banks  will  psr;ait  access  to 
and  from  rivers  at  limited  points  only. 

Power  raqu.  remen ts  for  climbing  river  banks 
are  dlscuatied  in  the  paragraph  on  terrain 
dls  cent ^  nultles ; 

3.  average  speeds  on  Inland  waterways  will  be 
limited  to  4o  knots  for  the  majority  of 
operations. 

(4)  Vegetation  and  Surface  Cover 

The  many  varieties  of  vegetation  and  other  surface 
cover  provide  obstacles  and  hindrance  to  the  passsge  c * 
ground  effect  machines  as  well  as  other  vehicles.  The 
degree  of  hindrance  Is  closely  related  to  the  height^ 
spacing^  and  etlffnees  of  vegetation. 

The  environmental  data  of  Chapter  I  susaaarlzc  promi¬ 
nent  vegetation  types  by  continental  areas «  and  Appendix; 

B  iuiciuCcc  these  data  on  a  detdi<led  geographic  unit  baaia. 
The  most  significant  vsgetatlcn  element  on  s  world-wlds 
basis  is  the  extent  of  denne  fores te,  which  esnnot  ce 
traversed  by  QZHs  without  -extennivs  clearing  operations. 
These  forest  sreae  cover  abo>‘t  24  per  cent  of  che  world's 
land  surface. 
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It  has  been  pro;,os.>d  in  severe;!  OEM  analyses  that 
OEfways  could  be  cleared  In  fores ced  areas  without  the 
expense  of  drainage  provisions,  surface  ctanpactlon,  or 
paving.  Within  the  «o..^ld*8  dense  forest  areas,  even  this 
approach  to  developing  a  transportation  system  would  i*e- 
quire  use  of  heavy  aqulpaent  over  an  extended  period  of 
time.  Thits,  cleared  OEMways  In  dense  foMst  areas  will 
probably  be  utilized  only  for  anticipated  iong-tem*  or 
penianent  operations. 

At  present,  consideration  of  QBM  operation  In  forest 
areas  should  generally  be  limited  to  wate7*way.-«  and 
cleared  roads,  railroad  rights -^of>wwy  and  pipeline  areas. 
TtM  latter  cleared  areaa  are  generally  rather  narrow,  <» 
as  to  hinder  free  passage  of  GEKs  with  widths  greater 
than  20  feet. 

Foz«B  of  vegetative  cover  other  than  dense  forests 
are  considered  to  offer  passage  for  OINb  to  a  greeter  or 
lesser  degree.  Sparse  brush  and  widely  scattered  trees 
are  considered  to  offer  very  little  hindrance  to  OBt 
operations.  In  contrast,  dense  low  brush  cannot  be  pene¬ 
trated  and  must  be  overflown.  Grass  SA^aa  a«id  fields  of 
grain  will  not  be  a  slgniricant  hindrance,  even  when  tall, 
as  In  parts  of  Kast  Africa,  /.'ot  the  toiigh  elep  ant  grass 
cf  tiM  Congo  will  not  allow  free  ,'^sags.  The  GEH  has  s 
aartced  advantage  over  other  vehicles  for  operation  in 
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swamp  and  marsh  areas  ,  hut  It:  will  ne  limited  to  open 
waterways  In  mangrove  swamps,  and  somewhat  limited  In 
areas  of  dense  reeds  and  marsh  grass,  such  as  those  in 
Uganda  and  southern  Sulan. 

The  most  convenient  method  of  assessing  the  influ¬ 
ence  of  vegetation  on  Q£M  size  and  operating  height  is 
to  include  this  feature  among  the  grouping  of  terrain 
obstructions  and  discontinuities,  which  Is  discussed  in 
detail  in  the  next  subsection. 

The  significant  numbers  obtained  from  consideration 
of  vegetation  cover  are  listed  below: 

1.  Dense  forests  covering  of  land  area  limit 
OEMs  to  waterways  and  other  cleared  areas,  the 
latter  providing  free  passage  only  to  vehicles 
not  mu'h  over  20  feet  in  width  (for  OEMs  sup¬ 
ported  by  the  air  cushion,  without  ground 
contact )j 

2.  Othci  forme  of  vegetation  may  be  traversed  by 
OEMs  with  greater  or  lesser  degrees  of  freedom, 
including  marsh  and  svramp  areas  heretofore  ex¬ 
cluded  from  military  vehJ.cle  operations; 

2.  Aralysls  of  vegetatio*.  ■'nfluence  on  vehicle 
size  and  operate-*;  helgnt  it.  Included  in  the 
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noxt  paragraph,  an'‘>'’.g  terrain. -■bs tractions  and 
discontinuities. 

( 5 )  Terrain  Obstinicti^ns  and  Dlscontlnnl tjps 

Tlie  Ground  Effect  Machine  supported  on  its  air  cush¬ 
ion  does  not  have  the  surface  contact  which  provides 
traction  for  wheeled  and  tracked  vehicles.  Its  perfom- 
anc8  1n  areas  of  terrain  obstacles  and  discontinuities  i-j 
limited  to  operation  above  such  obstacles,  or  penetrating 
them  by  utilising  vehicle  momentum  aud  pr•op^^^«l^ve 

The  classification  of  obstacles  Is  of  significant 
importance  In  OEM  design  for  operation  in  a  given  area. 
For  overland,  operations  on  a  world-wide  basis,  terrain 
obstacles  and  discontinuities  can  be  grouped  into  three 
categories: 

Solid 

2.  Yielding,  passable 

3.  Yielding,  non-passable 

Solid  obstacles  include  walls,  buildings, 
dikes,  and  embankments,  large  trooc  .,  d  .  tches,  rocks 
and  other  objects  whCire  contact  by  the  vehicle  may 
cause  serious  structural  damage  or  personne  Injury, 
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GEM  structui’e  mure  be  designed  for  very  infrequent 
contacts  of  this  tyipe.  For  most  operations,  how- 
ftver,  the  vehicle  must  clear  all  such  obstacles. 

Yieldingj  passable  3bstaele&  include  gi'alns, 
most  grasses,  light  fences,  and  other  obstructions 
where  contact  by  the  vehicle  is  not  likely  to 
cause  damage  or  injury,  and  idiere  vehicle  momentum, 
and  propulsive  thrust  is  sufficient  to  provide 
passage  without  much  loss  of  speed.  For  most  opera¬ 
tions,  OEMs  will  be  able  to  operate  below  the  maxl- 
rnimi  height  of  such  obstacles,  although  not  with 
complete  ignorance  of  them. 

Yielding,  non-passable  obstacles  Include  dense 
brush,  tough  grasses  and  reeds,  caiie  fields,  and 
thick  hedges.  Contact  with  these  obstructions  Is 
not  likely  to  cause  vehicle  damage  or  personnel 
injury,  but  momentum  and  propulsive  thrust  will  be 
insufficient  to  penetrate  centinuous  coverage  of 
these  obstacles.  Operating  hsights  in  such  areas 
must  be  at  least  sufficient  to  just  brush  the  top 
of  such  obstacles  except  where  they  are  sparse. 

The  variety  and  dlmeiiSlorr  of  terrain  obsta:  ':;s  and 
'’icc'^ntlnultles  throxighout  the  wcx.  *  are  almost  endless. 
Significant  obstructions  (Hjcullar  to  the  continental 
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areas  are  briefly  listed  In  Chapter  L,  and  a  great  many 
more  are  Included  In  the  data  appendix.  On  a  woi*ld-wlde 
basis,  however,  these  obstacles  and  discontinuities  can 
be  categorized  by  a  few  numbers  having  'Significance  for 
overland  OEM  vehicle  classification. 

Many  of  the  solid  obstacles  are  associated  with 
drainage  features,  natural  and  artificial.  A  OEM  oper¬ 
ating  on  an  Inland  waterway  Is  limited  If  It  has  no  ac¬ 
cess  to  the  adjoining  shore.  Moreover,  a  OEM  operating 
cross-country  must  be  able  to  cross  ctreams  which  Inter¬ 
sect  Its  route  and,  consequently,  must  be  able  to  climb 
and  descend  stream  banks. 

In  many  areas  of  the  world,  streams  are  steeply  en¬ 
trenched  In  gorges  and  canyons.  These  areas  must  ba 
ruled  out  for  OEM  operations,  except  where  an  entry  and 
exit  point  can  be  found.  Even  In  the  majority  of  areas 
where  stream  banJts  are  low  or  not  generally  steep,  the 
necessity  of  entering  and  leaving  the  stream  area  poses 
a  fciiuldable  requirement  for  the  OEM, 

Almost  everywhere  even  minor  stroeas  much  too  small 
to  use  as  access  routes  have  vertical  banlcs  5  feet  high 
and  steeply  sloping  banks  (30-100  per  cent)  10  f'  n  high. 
The  ability  to  traverse  these  baiu  '  is  a  necessity  for 
all  but  the  most  limited  nv-.iand  operaw-ons.  An 
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irnmedlate  result  Is  tlie  s£vei*e  llmltat.''-on  Imposed  on  the 
small  OEM  vehicle,  certainly  on  all  GEN  vehicles  with  an 
effective  base  diameter  less  than  about  30  feet. 

Artificial  embankments,  dikes,  and  levees  are  also 
significant  obstructions.  These  are  common  In  lowland 
regions  of  most  of  the  world's  nations.  Although  slopes 
of  earth  embankments  are  generally  only  30-50  per  cent, 
heights  of  10  feet  and  over  are  common,  and  flood  dikes 
along  some  of  the  world's  major  rivers  In  Europe,  Asia, 
and  Africa  are  over  20  feet  high.  Banks  of  navigation 
canals  are  generally  steep,  over  300  per  cent,  but  not 
over  10  feet  higli. 

Irrigation  ditches  and  canals  are  Important  In  low¬ 
land  areas  and  the  lower  parts  of  river  valleys,  espe¬ 
cially  In  southwest  and  southeast  Asia.  Sire,  shape, 
and  spacing  of  these  featux-es  vary  greatly  from  area  to 

area.  Generally,  Irrigation  dltchws  are  from  2  to  10 
feet  deep  and  4  to  30  fsst  wide.  Some  are  elevated  above 
the  level  of  the  plain,  but  many  ore  Incised.  These  are 
partly  filled  with  water  during  the  growing  season,  but 
in  the  non-growing  season  they  may  be  empty. 

In  the  plains  of  northwos!;  and  eastei'n  Euro.c,  In 
■'’ndta,  Thailand  and  Burma,  the  pro,  •"tlons  of  3:1  wldth- 
over-helght  ratio  are  common  for  most  Irrigation  features. 
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with  earthen  banka  ha/lng  slopes  tr  100  per  cent,  Exten¬ 
sive  areas  of  rice  paddle^  ether  wet  cultivation  ci'ops 
:...\  southeast  A.ela  are  divided  Into  small  fields,  perhaps 
100  feet  square,  separated  by  dikes  about  2  feet  high  and 
wide.  These  paddies  are  dry  in  the  nongrowlng  season. 
Where  Irrigation  features  are  most  numerous,  reconnais¬ 
sance  will  be  necessary  before  extensive  OEM  operations 
can  take  place. 


_ _ _ 

Among  the  other  Important  solid  obstacles  are  ^r.^aely 


.  n  ^ 

j 


A  «.  lift  MAW.** 

tlMAAAjr  laWAAVWSa* 


Generally,  the  dense  u:-oan  areas  must  be  bypassed  In  all 
GEM  operations  except  those  restricted  to  waterways. 

Not  only  the  clearance  problems,  but  also  the  effects  of 
downwash  and  nolae  will  necessitate  this  result. 


Even  In  nonurban  areas,  groups  of  buildings  must  be 
oypassed .  Walls  and  embankments  are  more  generally  com¬ 
mon  and  must  be  crossed.  In  western  Europe,  walls  In 
rux’al  areas  are  usually  2-6  feet  high  and  2  feet  wide. 

On  .,'.uiiy  hlllsides.  in  generally  rough  areas,  terraced  cul¬ 
tivation  uses  steps  of  2  to  5  feet  height,  with  widths  of 
10-100  feet.  If  these  terraces  are  walled,  OEMs  will 
probably  be  excluded  by  the  combination  of  slope  and 
wall . 
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In  flood  plain  areas,  roads  and  railroads  are  com¬ 
monly  situated  on  embankments  3  to  6  feet  high.  Tneae 
are  common,  particularly  in  eastern  Europe  and  in  China. 
Even  in  the  Arabian  Deser  ,  stretches  of  oil-pipelj^ 
lie  above  groimd,  with  diameters  of  3 ^  ^  trees, 
logs,  railbeds,  and  significant 

solid  terrain  1  to  3  feet  above 

ri'una  "level . 


For  world-wide  operations,  a  minimum  normal  operating 

areas.  For  all  but  local  operations,  the  ability  to 
climb  and  descend  a  vertical  5-foot  bank  will  be  re¬ 
quired.  This  Jump  capability  can  probably  be  acccm- 
pi.^shcd  bjf  some  diversion  of  propulsion  and  control  power 
to  the  lift  system,  since  it  will  only  be  required  for 
very  short  periods  of  time. 


In  addition  to  the  5-foot  vertical  bank,  a  -cross- 
coxmtry  QBt  will  have  to  be  able  to  rise  over  a  4-  to 
6- foot  solid  obstacle.  Additionally,  li  should  have  the 
ability  to  climb  a  10-foot  bank  of  50  per  cent  to  iOO  per 
cent  slope,  for  many  operations. 


It  is  obvious  that  the  requirement  for  traver.  r.g 
th:se  ccjild  obstacles  will  have  a  raa„  "  Inriuence  on 
operating  heights  and  powex-  lequirements.  In  particular. 


4 
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the  uPGlhiluesE  of  tiue  jn’i-ill  .aeemt  cm'  1* 

serlOTasXy  Aoui)ted,  >excK^t  izi  vtiir  ll'mlfeeS 

The  jl'CldluB  <oa3;Bt»c;ler:,  pa-Bha'hl’e  iiaai 
ape  pio^t  qrolte;  hcb  seirepe  ii  llml^'B.^tiL'onii  (DQ  iQSk  <i3ssis^< 
Hedges,  elef>bant  grBi2.fi,  -atniS  Tnapsii  ■r<ee'lp  mjpe  bl1_  It?  tHae 
10-  to  l^-f'Oot  Saelfjht  panjge.  Beaase  tomsia  T*iBiee«  finom 
low  gpowth  to  '20- foot  tttooraatoTafiih  la  *fE'et  sad  sonaltSta 
Africa.  Coltlirated  lew  tre®®  and  tall  .grasses  srocai 
as  .oGfffi>£:  and  fii:®aT  icane  aae  also  I'O  to  15  feet  3alj^. 
■Whepe  igpowtto  of  tSaese  tpe«s,  grasses,  aoDd  tmsSaes 
ttpe  too  thl'Clk  to  peneitrate,  tije"*'  will  not  te  siaaTPOW 
eccn^  to  '^jinup*  otop,  etea  ty  a  .large  anacfliiilne, 

IChe  taller  yielding  ntorgaassatle  <0festaeles  uirast, 
Uliepef  ore,  te  ibypassefl  or  clearefl,  iraere  tasey  are 
dense ,  'Ttie  'Clearing  process  Is  not  as  'flimciilt  as 
that  associated  with  dense  forests,  la  addltloa  to 
tall  brush,  many  areas  a’*"':!  more  ot*  less  ’OOMiered  Iby 
dense  short  trash  and  oranhles  2-3  feet  high?  snsln  that 
jL  Bcrmal  operating  height  of  at  !!•<'?)  Bt  2  Iteet  will  he 
necessary  In  these  locations. 

The  yielding,  passahle  otsta-cles  each  as  grasses, 
grains,  and  light  fences,  alfo  lairy  .greatly  In  .  e 
«)nd  d-.;',trlh!Utl.on.  Barhed  wlr  s  St.,  -es  arc  .generally  3 
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to  5  feet  high.  Grain  .^8  noimally  4  to  7  feet  high  in 
the  growing  season,  but  with  dense  "♦•’’hble  net  over  2 
feet  high.  Savannah  tall  grass  Is  up  to  13  feet  tall 
in  many  parts  of  Afrina,  but  most  othpr  grasslands  are 
3  to  5  feet  high.  A  2-foot  operating  height  Is  suf¬ 
ficient  In  most  of  these  areas. 

The  extent  nr?  nature  of  obstacles  will  also  have 
significant  Influence  on  operating  speeds.  Unless 
operations  and  cross-country  routes  are  carefully  planned 
In  advance.  It  will  be  necessary  for  the  OHM  operator 
to  discern  and  traverse  terrain  obstacles  and  discon¬ 
tinuities.  Where  these  are  numerous,  cruise  speeds  must 
not  CAceed  tho«e  which  would  allow  him  to  judge  the 
nature  of  an  ubotacle  and  carry  out  the  necessary  maneu¬ 
vers,  within  the  limits  of  the  low  control  accelerations 
common  to  almost  all  Ground  Effect  Machines.  Previous 
cross-country  vehicles  have  not  had  the  potential  for 
the  high  speed  performance  which  can  make  the  problem 
of  recog.nlzlng.  Judging,  and  traversing  cross-country 
obstacles  as  serious  as  It  is  for  the  OEM. 

The  detenalnatlon  of  adequate  operator-machine 
response  characteristics  to  terrain  obstacles  I-  in 
area  requiring  further  study,  '-‘r  the  present,  some 
restraint  must  be  exerctH*'*  on  expocu. ‘‘ions  as  to  aver¬ 
age  cross-country  OEM  speeds,  as  these  will  probably  be 
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much  less  than  the  80  r,c  100  knot  p{.rformance  capa¬ 
bilities  being  considered  for  these  machines 

The  previous  paragraphs  have  covered  the  environmental  fac¬ 
tors  having  major  Influence  on  the  slze^  operating  height,  and 
available  operating  areas  of  overland  Qround  Bffect  Machines. 

The  remaining  environmental  factors,  listed  jn  Table  12,  have 
Influence  on  OBI  auxiliary  power,  design,  and  equipment  re¬ 
quirements,  but  not  so  much  on  size  and  operating  heights. 

These  Include  wind,  eand,  and  dust,  other  climatic  factors, 
Induced  environment  factors  and  combat  environment  factors. 
Discussion  of  some  of  t-Viese  areas  Is  Included  In  Chapters  III 
and  IV. 

Prom  the  material  In  the  preceding  pages,  the  classifica¬ 
tion  of  0)91  vehicles  for  overland  military  operations  can  be 
developed.  It  must  be  remembered  that  this  classification  is 
based  entirely  cn  the  environmental  requirements,  and  that 
consideration  of  vehicle  performance  Is  being  left  to  the 
discussion  of  Chapter  IV. 

The  results.  In  terms  of  world-wide  overland  QBN  opera¬ 
tions,  are  as  follows i 

( 1 )  ^^ehlole  Slze> 

i,laited  primarily  by  lateral  'earance  for 
operation  In  stream  valleyo  and  through 
cleared  areas  In  forests; 
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20-foot  wlrtlh  uBabla  on  ftbout  95  P«r  cant 
of  BtraamB  with  adaquata  claarancaa; 

30-foot  wld  h  uaabld  on  about  73  par  cent 
of  BtraaoiB} 

50-  to  60-foot  width  uaabla  on  oiajor  rlvarB 
onlyj  axoapt  throughout  moat  of  cantral 
Africa^  bha  Amason  Ba8ln>  waatam  U.S.S.R.i 
Boutharn  China«  and  India; 

20-foot  width  about  maximum  for  oparatlon 
In  foraBt  olaarlngs  othar  watarways. 

(2)  Vahlcla  Cwaratlnx  Malwhta 

1 .  ContlnuouB  Oparatlon 

1  foot  for  llmltad  looal  oparatlons  on  ooan 
piaina  and  daaart  araas; 

2  faat  :or  ganaral  oparatlons  ovar  plains, 
graf-alar.d,  cultlvatad  areas,  and  sparse 
low  brush,  with  somo  dat-oure; 

3  faat  for  ganaral  ovarland  oparatlons 
with  fawar  dato'irs. 
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2.  -  Jump  Capability 

k  feet  for  limited  operation  across  walls, 
rail  embankments  and  low  dikes; 

6  feet  for  general  operations  In  open 
areas;, 

3.  Terrain  Dlaoontlnulty  Capability 

5-foot  vertical  bank  up  or  down  for  crossing 
almost  all  stream  valleys,  end  Irrigation 
ditches  when  empty. 

4.  Slope  Requirements 

15  par  cent  continuous  slope  for  limited 
operations; 

30  per  cent  continuous  slope  at  low  speed 
for  general  operations,  with  15  per  cent 
continuous  slope  at  .ormal  speed; 

50-100  per  cent  slope  10  feet  high  for  exit 
from  many  rivers  and  crossing  dikes  and 
levees. 

(3)  Operating  Spef la 

1 .  Inland  rfaterwavc 

30-40  knots  for  traversing  bends  In  rivers; 
60  knots  suggested  design  cruise  speed. 
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T^rrniri  Obat.at'.U?ii  aiici 

Aver»ige  crons-country  speeds  limited;  by 
obstacles,  fa*  ther  study,  requliced;  in  this 
area.. 

nie  suggested  claoai£j.catlon  for  overland  OEM.  vehloleB 
is  given,  in  Table  13.- 

:7he  family  of  veliiclea  classified  in  Table  13-'  covers-  con- 
flsuratlons  '<fbicb  are  considered  practical,  vfithln  the  present 
3tate-of -the  art.  Superimposing’  these-  configurationa.  on  the- 
anvlronmental  factors,  summarized;  in  the-  preceedlng.  pages 
gives  the  operating  capabilities  of  each  size  vehicle  m; 
the  nverlandi  natural'  envi.'r-jnment  .. 

The  choice  of  rectangular  pianfoxrma  with:  length  to-  width 
ratios  of  2-  is  arbitrary-,  althoughi  these  proportions  sore 
nearly  optimum  foi^  the  power/aize  compromise..  The  operating: 
heights  and.  Jump  capabilities  shown  represent  attainable 
performance,  although  not  necessarily  econon«:aal  perfnrrMoice.. 
In  fact,,  it  would  be  advantageous  to^  have-  the  smadL'leat  size 
vehicle,.  10  x  20  feet,,  with  s  normal  operatins  height  of 
three  feet  a:,d  a  Jump  capability  of  six  feet.  This  perfor*- 
mance  is;  beyond;  the  available  otate-of-ihe-  art  in-  rega  i  to 
stabr-Tity,  end  also  would:  require  unecu  ^miaal  anrountB  of 
power.. 
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Best  Available  Copy 


T«bte  13 

Overland  CBM  Cla.ibi/ic alien 


th  cipet'fillriK  utility  inor«H(»«8  with  inorenand 

i  I'tiVnfj  hP.lRht,  bvit  01.  h»  ights  Ahovo  t,hj‘ot  fout  for  normal 

I  !  I'ttHon,  and  alx  fact  for  Jump  oapab.Ultyi  tha  rato  of 

'll  r-eaue  baconwo  vary  By  maintaining  tlt«  thrwa  and 

hi'  foot  haightn,  larger  vahiolaa  would  be  able  to  operate 
.it  u  ioww’'  Moi,Biit-tO'*dlftmetftr  ratio,  with  oorroapondlng  in  • 
economy.  On  the  other  hand,  inoreaeo  in  vehicle 
lutvi-'  to  reatrlot  operating  araan,  in  regard  to  lateral 
I Although  the  <10  .x  flO  foot  GKM  and  90  x  100  foot 
Mi  M  .  ouia  operate  at  lower  apeoilMc  powera  than  the  >)  x  hO 
r  .  t,  OKM  at  the  a.ame  heighta,  their  uroa  UBablilty  would 
not  be  aa  broad, 

Tlie  aGoeBBlbli,ity  of  Btream  vulleya  ia  important  for 
but II  (ii'oHBinii  and  waterway  uae.  The  small  vehicle  (Claae  1), 
i. lut  nil  low  opnrating  height,  in  very  aevere.ly  limited  in 
(..ei  1,1,11(7  In  and  out  of  fitrenm  vnlloyn,  ,Bven  tho  larger 
vi'lilt  Laa  will  bo  quite  reatriotwd  in  this  reapeott  The  col¬ 
umn  headed  "Par  cent  Aooobb  to  Stream  Valleya"  Indioatea  the 
fivfiiinMe  aooeaa  area  along  the  atream  valleya  rather  than 
tlw'  number  of  otreum  valleya  wnioh  avo  acoonslbl.e, 

Tnblo  13  Indioatea  clearly  the  range  cC  operatlrs  *ttl' 
flhiiitlea  for  gi’ound  effaot  maoninea  aa  derived  from  the 
worldwide  environmental  data.  Tru.'  optimum  vehiolAj  irom 
III,  po.tiit  of  view  of  utl.iity,  la  the  ^  ^lleat  vehloV'j  which 
euri  operate  at  three  feet  during  orulae  and  at  aU  feet  for 
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'jarance  of  obstacles.  Tre  JO  x  60  foot  vehicle  fits  this 
caoegory.  Larger  vehicles  will  be  more  economical,  and  will 
have  perhaps  lesa  severe  stability  problenisi  but  will  have 
a  somewhat  smaller  range  o.  usability. 

4.  DlsrUSiXON  AND  CLASSIFICATION  OP  MILITARY  viRCOND  EFFECT 

ffltcHiHEg-  axsmms - 

The  World-Wide  environmental  data  for  amphibious  op 
er^itions  of  Ground  Effect  Machines  are  summarized  in 
'inapter  I,  Section  4.  The  background  data  are  contained  In 
An;,endtx  C. 

Since  the  amphibious  capabilities  of  the  OEM  are  one 
of  Its  primary  assets  as  a  transportation  system,  there  is 
an  Inherent  overlap  of  GEM  amphibious  operations  and  thuae 
which  have  been  designated  as  ma.i*ine.  and  overlaiiu.  RsDi-^t 
tha2\  rationalizing  why  an  operation  on  inland  waterways  ic 
overland,  while  enc  on  coa'ital  waterways  is  marine;  this  study 
develops  vehicle  cleoslflcatlone  in  terme  of  the  most  ap- 
propriate  operating  area,  regardless  of  the  fact  that  over¬ 
lap  exlb'.s. 

In  this  context  the  amphibious  opera*  lonh  s,jectrum 
covers  land-water  eperationa  in  the  coaatai  areas  uf  the 
wov^J.  Oenerally  the  inland  penetration  lo  consider.  :  to 
be  more  than  20  to  JO  miles,  but  li«  '«*tas  of  streee 
veiley  approeohss  this  is  no v  a  strict  limit.  The  overwater 
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..jj-tlon  Is  limited  to  ranger  lers  than  about  20C  miles;  this 
may  be  an  unloading  operation  from  a  ship  at  sea,  a  traverse 
of  a  small  body  of  water  from  another  3 and  area,  or  a  land- 
baaed  soa  patrol. 

The  classification  of  amphibious  QQIs  necessarily  con¬ 
tains  most  of  the  factors  afi'ectlng  both  marine  and  overland 
operations  except  high  altitudes  and  long  ranges.  Table  14 
Includes  the  most  Important  environmental  factors  affecting 
the  basic  performance  and  design  parameters  of  amphibious 
OEMs,  together  with  the  specific  Influence  of  each.  For-  tne 
factors  of  which  the  Influences  a  •  ;«•'  -similar  to  those 

ijijcussod  In  the  proceeding  sect.''  referfr.ot 
considered  sufficient.  Where  th  factors  or  their  inf Iv ' 
ore  unique  for  amphibious  opera*  ons,  they  are  dlscu'’  o>- 
low. 


(l)  Coastal  Terrain  LartU  rms 

The  generaI3»  ^  i^.c^fonns,  and  their  sult- 

abil'ty  <  c  JrMi  porar.or*.  .  have  been  dlscusaed  In 
Chap*  ••  £,  Ir.  Chap.*..  ..  si  was  c.')ncluded  that  about 
three- irths  of  the  w''  .Id's  coastline  (extlxirting  the 
Arctic  Tc lands,  Oreenl  id,  and  Antarctica)  a’*'**  ac- 
cessibl'  '’Ci’  at  least  iioited  OBM  operations.  Abou'  1- 

per  cen'  the  world  -i  conot-llne  livable  for  OEJ* 
access  i  ‘  :r.d.  The  »  .lity  the  OBM  to  .'^verse  mud 


\ 
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Table  14 

Environntental  Factors  in  Amphibious  Operalions 


Enviror.mental  Factors 

Influences 

1.  Coastal  terrain  landfortns 

Area  limitations 

2.  Coastal  drainage  features 

Area  limitations,  vehicle 

size 

3.  Wave  heights  and  surf 

Operating  height 

4.  Surface'piercing  water  obstructions 

1 

Operating  height 

S.  Slope  of  beeches  and  near*coast 

Power  requi-ements 

rrain 

i 

0  hnractoristics  of  heichco 

Vehicle  size,  t^era’irg 

height 

Vegetation  and  surface  cover 

Ares  liinitstiona.  vehicle 

( 

operstirg  he'.ght 

i.  Terrain  obstructiotui  and 

Operatlt;»t  ^  power 

discontinuities 

requirvtnonta,  speed 

* 

litnitatlcns 

V.  Temperature 

Poweri.  nt  output,  icing 

problems  -  Chapter  Ill 

10.  Other  climatic  factors  j 

1 1 .  Induced  environment  fsetors  | 

13.  Combat  environment  fsetors  J 

i _ 

Deaign  and  equipment 

requirements  -  Charters  Ill.lV 

flats,  swamp  areas,  an<?  stream  va’leys  is  particularly 
significant  in  Increasing  the  number  of  usable  landing 
places.  QFMs  will  not  be  able  to  land  on  rocky  shores, 
except  triiere  penetrai'id  by  stream  valleys,  nor  will 
they  be  able  to  surmount  sand  and  earth  bluffs  unless 
openings  are  available.  The  emphasis  In  amphibious 
OEM  operations  will  be  away  from  reliance  on  a  few  con¬ 
centrated  beach  areas  to  a  wider  operating  area  along 
a  coast.  Resupply  and  coastal  lighterage  will  also 
benefit  from  this  broadened  operating  concept. 

(2 )  Coastal  Drainage  Features 

With  consideration  of  OEM  amphibious  operations 
through  coastal  stresra  valleys,  the  characteristics  oi 
these  access  routes  have  a  major  influence  or  v>«hlr. le 
design  parameters.  The  tables  In  Appendix  C  contain 
data  on  the  coastal  stream  vallays  in  eauh  pvlillt.al 
unit  bordering  the  coast  (these  data  are  distinct  from 
the  data  on  Inland  stream  valleys  in  Appendix  B). 

CoMdcal  stream  valley  data  include  spacing  of  major 
Btresma,  width  of  the  water  surface  end  easocleted 
length  of  the  stream  wltlilr  this  width  range,  and  a 
notation  on  the  percentage  of  steep  banks  near 
coast  (leas  than  about  15-20  ar'*es),  and  farther  Inland. 


The  characterlstloB  of  streei''  valleys  are  generally 
less  restrictive  near  the  coast  than  inland,  l.e., 
shallower  banks,  wider  streams,  weaker  current.  Many 
delta  areas  of  tidal  rivers  are  partly  blocked  by  sand 
and  mud  bars,  which  would  not  be  obstacles  to  OEM  opera¬ 
tions.  On  a  world -wide  basis  average  widths  of  coastal 
stream  valleys  are  over  100  feet  on  80  per  cent  of  the 
coastline,  over  150  feet  on  70  per  cent,  over  250  feet 
on  50  per  cent,  and  over  500  feet  In  large  areas  of 
Central  Africa,  the  Amazon  Basin  of  South  America,  India, 
and  ma3iy  other  major  rivers.  Most  of  the  rivers  over 
250  feet  wide  are  usable  at  least  50  miles  Inland,  and 
those  less  than  230  feet  wide  are  usable  xrom  50  to  ICC 
miles  Irdand.  Only  about  20  per  cent  have  steep  bonks 
near  the  ooaet,  but  about  40  per  cent  have  steep  banw^e 
more  than  15>20  miles  Inland. 

Following  the  proc<  jre  used  In  the  rlassitirsrion 
of  nverJen*^  OB**'*,  ♦'he  .  ni  of  vehicle  width  to  no 

more  tha  <  ?  A  to  I/5  uf  stream  width  indicates  that  50 
feat  width  vehicles  should  be  ueeble  on  about  80  per 
cent  of  the  cosetal  stream  valleys,  'u*  fv'r  v  width  on 
about  70  per  cent,  and  50-60  foot  width  oh  50  per  cent. 
Larger  OBNieould  be  uswu  in  rsny  specific  Iocs  «;/na  or 
0  c:^.'.eral  world-wide  basie  in  dx..  ''aoemant  operation. 
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steep  banks  near  the  coast  will  limit  exits  from 
stream  vedleys  on  about  20  per  cent  of  the  world's 
coasts,  but  coastal  vegetation  will  further  restrict 
operations,  as  dlscv^tsed  In  a  succeeding  paragraph.  Op¬ 
erations  in  the  many  tropical  coastal  areas  with  mangrove 
and  nlpa  swamps  requires  navigation  of  winding  channels. 
This  will  reduce  speed  appreciably,  probably  to  no  more 
tnan  iO  knots  In  many  tropical  coastal  ax'eas. 

(5)  Wave  Heights  and  Surf 

The  height  of  waves  and  surf  will  have  a  primary 
influence  on  the  minimum  vehicle  operating  heig.ht.  Al¬ 
though  wave  heights  In  coastal  areas  will  bw  less  than 
those  In  the  open  aea,  the  development  of  extensive  surf 
and  high  breakers  is  a  very  common  occurrence.  The 
OEM  must  be  able  to  navigate  the  surf  tone  in  both 
directions,  with  the  outward  passage  into  the  breakers 
probably  more  critical  in  terms  of  impact  loads. 

Surf  is  a  function  not  only  of  tides,  offshore  ana 
nearshore  slopes  and  the  state  or  the  open  sea.  but 
also  of  local  winds  and  sea  states.  Aistnsr  axxy  exposed 
beach  will  have  high  surf  ouring  otorms.  The  OKM  cannot 
be  designed  for  austained  operations  In  etormy  ':ndi- 
tlons.  On  a  haaia,  «.  -f  ovor  five  feet 

occurs  on  90  per  cent  ©r  -..a  world's  Cwaste.  surf  over 


-275- 


8  feet  on  50  per  cent,  and  surf  over  12  feet  on  about  5 
per  cent.  With  an  operaiixig  height  of  one-half  wave 
height,  as  discussed  In  the  section  on  marine  OEMs,  the 
requirement  for  operating  in  the  surf  zone  specifies 
operating  heights  as  follows: 

1.  For  operations  on  JO  per  cent  of  the  world's 
coasts,  maximum  sustained  operating  height 
2.5  feet. 

2.  For  operation  on  70  per  cent,  maximum 
sustained  height  k  feet. 

5.  For  operation  on  93  par  cent,  maylmum  sus¬ 
tained  holght  6  feet. 

Further  specif Ication  of  ''pe’'*.tlng  height  l  a  tr-iuded  in 
the  paragraph  on  terrain  uoatruotlona  and  disountlnult'e*. 

(^)  Surface-piercing  water  Obetructlone 

For  nigh  speed  operations  over  water  the  OEM  must 
avoid  tiollielon  with  sol.d  surface  piercing  obstacles. 

On  a  World-Wide  basis,  these  obstacles  (primarily  rocihs 
and  reefs)  are  quite  evenly  scattersd  .m  maiiy  coast? Ines. 
In  very  few  oases,  however,  are  they  concentrated  enough 
to  seriously  restrict  OEM  opt'*«>tions,  so  that  .uslc 
design  specifications  can  neglect  '*''ls  factor.  Under 
water  obstructions,  which  have  eways  plegued  emphiblous 
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oneiratlcma,  vmi  be  a  ^uus&rd  to  uciy  f^SWs  vrtiiah  are  op¬ 
erating  ±n  the  (ttaclacctiant  eonflgoratlon,  vrtiether  due 
to  li^aifwr  laas  or  othffi?  cause, 

(5)  Slope  of  Beaches  mit  Hear-Goaat  iteratn 

Anphlhtous  Gtrlfs  must  have  aufflclont  power  to 
traverse  the  slopes  of  beaches  and  other  near-coaet 
turraln.  Beach  slopes  depend  on  tidal,  mge^  surf  ac¬ 
tion  and  beach  material.  As  dlacuaaed  in  Ch^ter  I. 
Section  k-,  there  la  usually  a  difference  in  slopes  or 
the  beach  zone  between  the  noxnal  low  tide  -...d  high 
tide  line,  and  the  3or»  above  the  noiW  iii.irh  water 
line.  Beach  slopee  range  froa  flat,  to  snout  lu  per 
cent  in  the  zone,  and  up  to  20  per  -.  ent  i.n 

the  H,W.  zone.  Average  «^adlants  in  the  cwo  zones 
are  about  three  and  six  per  cent  reepectlvely. 

About  80  pwr  cent  of  the  world 'e  beaches  have 
aayl.mui  gradlenta  less  then  10  per  uont*  and  about  9C 
pw"  c^nt  hfj'fw  jaxlaua  gradlsnts  Icsa  chan  L)  per  cent. 
Although  isany  coaatal  areea  have  sMsrt  steep  stretenes 
those  which  have  bluffs  and  cliffs  y  ru.^*<i 

out  fbr  OHR'  operatlona  anyway,  Oenerully  the  ef-eoiv 
gradlenta  fbr  near  coaat  tewr.'ln  are  laee  tnan  . ;  per 
cert.  The  proviai'in  of  15  per  •  slope 
ehtmld  thaeefbrw  be  surfta.ient  for  aaiat  aaiphibiaus 
operations. 
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(6)  Characterlstlas  of  Beaches 


For  amphibious  operations  carried  out  over  beaches, 
the  physical  characteristics  of  the  beaches  are  Impor¬ 
tant.  Slope  has  al  'eady  been  discussed.  Length  of 
beaches  influences  suitability  for  large  scale  opera¬ 
tions;  width  of  beaches  (including  tidal  ranges)  limits 
vehicle  size;  beach  materials  may  cause  operating  prob¬ 
lems  in  terms  of  dust  and  damage  from  gravel  thrown  up 
by  the  OKH  downwashi  and  beach  exits  determine  the  use¬ 
fulness  for  over-the -beach  operations  to  inland  unload¬ 
ing  or  transfer  points. 

Although  quantitative  data  on  physical  character¬ 
istics  of  beaches  are  not  yet  available  on  a  complete 
world  wide  basis,  the  following  paragraphs  are  based 
on  analysis  of  the  characteristics  of  7000  beaches,  in 
eluding  almost  all  the  beaches  on  the  coasts  of  the 
Eurasian  land  mass. 

Lengths  of  beaches  are  usually  differentiated  bt- 
i.  ««n  lees  than  two  miles,  and  two  miles.  About 
45  per  cent  ol  the  beaches  for  which  data  are  included 
in  Appendix  C  are  over  two  mllea  long,  representing 
areas  suitabls  for  mi^or  besoh  unloading  opcrevx,ns. 

Width  of  bescUes  ranges  r1^  '  a  lew  feet  to  several 
miles  St  low  tide,  but  Mity  beaches  a^sappeer  s:  high 
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tide.  Beach  wid-ho  at  high  tide,  pxA  the  tidal  ranges^ 
are  listed  in  Appendix  C.  For  unJ.oading  operations  on 
the  beach,  the  OEM  should  be  able  to  sit  down  entirely 
beyond  normal  wave  action  at  high  tide.  Fox  fore  and 
aft  loading  this  would  limit  vehicle  width  to  nlnimuffl 
beach  widths,  llie  data  show  that  more  than  70  per  cent 
of  the  beaches  studied  axe  over  ^0  feet  wide  at  high 
tide,  and  over  25  per  cent  are  over  100  feet  wide  a: 
high  tide.  Thus  50  foot  wide  OEMs  could  unload  out  of 
the  water  on  70  per  cent  of  the  beaches,  and  100  ♦cot 
wide  OEMs  on  25  per  cent. 

Beach  materials  vary  greatly,  but  sand  is  pre¬ 
dominant.  It  is  easily  blown  about  when  dry,  but  <{u]t’'> 
firm  when  wet.  Ninety  per  cent  of  the  accessible  coasts 
arc  composed  of  sand,  mud,  pebbles,  coral,  or  a  comclna 
tlon  of  these.  The  remaining  ten  per  cent  Include 
cobbles,  rock,  shingle,  seaweed,  clay  loam,  end  debris. 
The  effect  r?  the  Jet  downwaah  on  the  surface  smterial 
la  discussed  in  Chapter  III. 

The  availability  of  suitable  '>each  exits  is  one 
of  the  differentiating  factors  batweer  Oodt  I  ar.*’ 

Code  2  coast*  as  discussed  in  Chapter  I.  and  illuf» 
trated  on  Figure  lb,  followl:\g  page  171.  In  ,mny 
case*  Where  the  terrain  naas  atev.'v  from  the  ■:each. 

OEM  vehicles  cannot  penetrate  farther  inland  in  these 
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areas.  In  some  places  seawalls  and  road  and  railroad 
embankments  also  block  exlla  from  beaches.  Because 
of  the  suitability  ^f  stream  valleys  for  OEM  operations, 
concepts  of  operations  must  be  revised  to  take  advan¬ 
tage  of  these,  while  placing  less  reliance  on  opera 
tlons  In  areas  where  vehicles  and  supplies  cannot  be 
unloaded  Inland. 

(7)  Vegetation  and  Surface  Cover 

The  Influences  of  these  factors  are  similar  to 
tnose  dlsouased  in  the  section  or  overland  operations 
and  will  not  be  repeated  here,  uense  vegetation  in 
tropic  ooaatal  sonea  generally  means  the  only  Inland 
aooeaa  will  be  via  atream  valleys,  yea  pages  Z'j'i  rc 
256. 

(8)  Terrain  Obstructions  end  Discontinuities 

Seme  es  for  overland  (H>eratlona.  A  minlieum  op> 
ais‘i'.  ^  height  of  two  feet,  with  lump  capability  of 
U>6  feet,  la  eaaentlal  for  almost  all  Inland  penetra¬ 
tion.  m  addition,  ability  to  climb  n  10  foot  bark 
of  50  per  cent  to  lOO  per  cent  slope  will  be  ncc«fb- 
sary  In  many  aimaa.  See  page*«  256  to  264. 

The  above  environmental,  laotore  form  ...la  basis  for 
oleseiflcetlon  of  aaphlbloue  ground  effect  machines  slmiler 
to  that  used  for  marine  /vrd  overland  OEMs.  In  moat  respects 
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the  land  obstacles  wl)J  be  more  limiting  than  those 
of  the  overwater  part  uf  the  amphibious  t>nvli'orjnent . 

The  Important  results  are  listed  below: 

(1)  Vehicle  Size 

Limited  by  lateral  clearar.se  for  operation  in 
stream  valleys  and  by  widths  of  beaches >  but  not  as 
severely  as  in  general  overland  operations- 

50  foot  width  usable  on  80-90  per  cent  cf  ccastal 
stream  valleya> 

40  foot  width  usable  on  70  per  cent, 

00-60  foot  width  usable  on  50  per  *>ent, 

50  foot  width  (for  end-loading  OBMa)  satisfactory 
for  unloading  above  high  water  line  on  70  per 
cent  of  beaehea, 

100  foot  width  aatlafactory  for  unloading  above 
high  water  line  on  25  per  cent  of  beaches, 

80  foot  width  about  maxlwum  for  operation  m 
forest  clearings  other  then  waterways. 

It  la  is^portant  to  note  that  vahlcle  altv  may 
also  be  severely  limited  by  trar^,.  *'tablx\ty  rcHulremente. 
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‘Jhla  Is  an  opera *;lonsl  considerat?  oj.  rather  nsore  than 
ajci  envlroiaental  one,  cut  it  should  not  La  forgotten. 

(?)  Operating  Height 

uecenslned  by  the  necessity  to  traverse  the  surf 
zone  and  overland  obstacles. 

1.  Morsal  Operating  Height  Overland 

1  foot  for  operations  to  beaches  only, 

2  feet  for  llsated  Inland  penetration. 

2.  Juap  Capability 

4  foot  elniauai  for  crossing  sails,  dikes, 

— haniBsenta, 

b  feet  for  wider  area  usability  across 
walls,  dikes.  esftanJkyssnts, 

5  foot  vertlca?  bank  up  Sf4  down  for  access 
frosi  streaa  valleys. 

3.  WsKlMai  Sustained  Oparating  Height  Ovsrwater 

2.5  feet  for  elearancs  of  surf  in  iv  pnr 
cent  of  eosnt  areas, 

4  feet  for  sc^f  eleara:.  ir.  7b  per  .ent, 

6  feet  for  surf  eleerarot  in  93  per  cant. 
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( 3 )  Slope  Capabll  1  ty_ 

10  per  cent  slope  capability  for  operations  over 
80  per  cent  of  beaches, 

13  per  cent  slope  capability  for  operations  over 
90  per  cent  of  beaches,  and  for  most  near-coast 
terrains, 

50-100  per  cent  slope  on  10  foot  banks  for  arxess 
from  many  stream  valleys, 

(4)  Operating  Speeds 

Limited  to  about  30  knots  for  operations  In  trop¬ 
ical  coastal  swamps,  also  limited  by  obstacles  in  the 
overland  phase;  no  opeolflc  numbers  can  be  determined 
without  further  experimental  work. 

A  suggested  classification  of  amphibious  OEMs  based 
on  these  factors  In  given  In  Table  Ip, 

The  vehicles  classified  in  Table  15  range  In  size 
from  20  x  40  feet  to  75  x  150  feet.  The  "ormal  operating 
heights  given  are  the  cruising  heights  over  land;  the 
maximum  height  is  the  operating  height  at  about  half 
normal  cruise  speed,  and  Is  Intended  primarily  fr"  opera¬ 
tion  through  the  surf  zone,  Jum^  'epablllty  represents  the 
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Table  15 

Amphibious  GBM  Classification 


TnAyiimim  atalnable  abort  duration  helehu  for  clearance  of 
olistaclea.  The  slope  capability  listed  corresponds  to  the 
Slopes  within  the  area  having  the  given  height  ranges.  The 
columns  headed  Access  *'o  Beaches  and  Access  Inland  repre¬ 
sent  the  percentfige  of  the  world's  coastline  (excluding 
Antarctica,  Greenland,  and  Arctic  Islands  north  of  77°) 
which  are  accessible  to  amphibious  OEMs  of  each  class.  This 
accessibility  index  la  Intended  to  include  operations 
throughout  all  seasons  of  the  year,  but  not  during  stormy 
weather.  On  Arctic  coasts  the  occurrence  of  hummocked 
ice  may  restrict  operations  during  a  large  part  of  the 
year. 


For  QBMa  built  within  the  frameworlc  of  the  present 
state-of-the-art.  It  can  be  seen  that  the  40  x  8o  foot  and 
50  X  100  foot  vehicles  will  have  the  highest  percentage 
of  area  usability.  It  must  be  kept  In  mind  that  this 
classification  Is  based  on  the  natural  envlronnental 
framework  only,  and  that  vehicle  optimisation  requires 
much  additional  information  in  the  areas  of  mission  re¬ 
quirements,  vehicle  attainable  performance,  effects  of 
the  oombat  and  induced  enviroiaient,  and  difficult 

specialised  problems  such  as  loading  at  sea,  and  trans¬ 
portability.  Some  of  these  arena  are  discussed  1.  vhapters 
III  and  W. 
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III. 


EFFECT5  OK  INDUCED  AljD  COMBAT 

envi’ronmEnts  ok  kifTl^RT” 

UH0OND  Ul'VEU'i'  Kkmm 


1.  INTRODUCTION 

The  effects  of  the  surrounding  environment  on  a  specific  trans¬ 
portation  device  are  by  far  the  most  Importanr  considerations 
when  introducing  a  new  vehicle  to  a  military  system.  A  vehicle 
that  Is  technologically  sound,  but  ill  suited  to  its  normal  op¬ 
erational  environment,  will  soon  find  little  support  from  the  using 
agency.  Prom  the  preceding  work  on  topography,  oceanography  and 
climate j  sizes  of  vehicles,  clearance  heights  and  speeds  have 
been  determined,  in  an  attempt  to  pinpoint  the  highest  degree  of 
ulilizat'  n  currently  achievable.  Ac  gains  are  made  in  the  areas 
of  recirculation,  stability  and  control,  channelled  hulls  and 
atructurr  weight,  clear'^nce  halghto  and  speed  may  well  change; 
but  in  general,  the  over-all  aizes  of  vehicles  In  keeping  wlt>  ^he 
environmental  criteria  developed  will  remain.  These  sises,  to¬ 
gether  with  what  is  currently  considered  state-of-the-art  oonfig- 
urationc  the  basis  for  the  data  outline<9  in  thie  chapter.  In 
genersl,  the  femily  of  QSIls  outlined  by  LJungstr^  (26)  are  con¬ 
sidered  good  examples  of  tliese  verilclco  and  can  be  taken  aa  rep¬ 
resenting  the  design  "know-how"  of  today'*  machines*  Accordlr^ly, 
powerplaitt  arrangements,  fan  end  p**ope.<'er  porlvlone,  cargo  load¬ 
ing  and  utvLondlng  arrangeaMnts,  r  'hlcn  pres.  **es,  duct  con¬ 
figurations  and  controls,  while  a  mfx  of  Individual  contributors. 
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• -  itinnl]  ffisuHiPw  uliisuie  'i'itiiiJti:  uasijgi^ 

V/I">&- srn5«ai!^  :iCT3aiBna>  inddfti  x:B«ErnsaiB  otuiESt  ISasHast;*  mzm  sxtsx:. 
ocsiUnElLiteEfwe  .luiinaftinit  ttouae  ntfSliLtlacy  •jpj&aiii.'CT  mrS  ^aam:  Tc-t  'brwr 
^UDBii  an  aujjr  oiff  ttibe  auttmcogviBr  *■  SBnaiissBtnj.  Tlftjc  twiggy  muftBrr 
«l'»'iltby.,  ILHnrUttierfl  fnerngg)  JtedLUiUtJlsEaj,,  HihE  citer®Er  csff  3SE!JiijBert23jr. 

(TiiihKr  ipi!BEtCiiiEE3  (crrararaBTJEltnrn^  a>telLr!m,-y  UttfSltt  ntirgmr  -a, 

SsasiErrafl  aurffismass  IttikiHaifl  tttte  aamE  cEff  tgaTmnwfl  nnllliLtteEi^? 

"ISttla  (dtnyXlHM'  gilbsanaBE  ‘^Ibe  tnH'HHF  -tf  w^>T:T)mr  iflgttws’nJfaHrfl  SJEans  ttfttr: 
jarwxCi^uiB  <rfta^jttECT  llm  a  mflJlilttEEny  taTipti--fnmmimTT!t  ■«r'nff'-iiiiifliiri#«ri 

'anti  dj  j/illaill;  titetttaiggaB  (s£  ttifae  'xsthtircILaBB  cuzs  asxaDaEBttsfl  tinD  tttts 
jTnniiuiUia  fbmm  Itite  «rraftrtt-.  rmwKiwT'itgjTi  axatUlc^QlLs.  Wteoneasr  nnni«T«nrwi«>»,j 
■ilEttattiEzwHDaBfHii  aftjttaHmKfl  fflfiTFgmttHy  ffitrajm  f5MT;igg¥mT?B  nnff*  (ruannarit 

nmutt  sonfl  axt{ai4iiwrffa®3Slffifl  jBdxt  wGBlUkBfl.tljy  vuCLtflii  axMljiptHkEailL  fftcttsEu 

'I’Toe  tititfintxati  »iiiil  cmmibEit  flBTwtiamniitaTrtiy.  asos  nttimm  wftillaila  aSStezrtt 
rtt^  izr^mrmSiSiam  (sS  ttikae  imsiwiaBcitlltzs  <nT[fl  cBKSaas  ffizipm  ttibe  oigNszat- 

Tt^iam  caH'  ttttiltB  .ijjrBttrem  llm  aECtm  muiftur^  »tmplfaninrnwgrtfc  tbc  '.rfcHiitti  Htt.  tia 
xuulltlmti..,  szdi  Urn  aeoiEr  axnnOxett  fltnr  wMoifa  Hit  Ss 

((U))  HBBe  JinfliniMB  Hhwllinaaanflrtla 

UnxaBi!  axBut£!!LtttI(flms  fttigmn^  ansr  agDOStsttSau)  <sff  wto  asspas-^ 

ttimn  atiti  tiilHUBUtgCtt  tbD  s  (Scy^Z^Eie  VWtLtliil  nrtm  iTirtt^urwiiTI  am« 

erontitEBit  cmuUjKJUinuBilLui;  Hm  MttitUdfa  lUtR:  nffWsialtSIaiB  11^ 

flortltfjDAattit  fi\rnin  dhMmicttHwHiBtta  *  TimCtiVBmi  off  ttttaB  agquttiBHi 
^Rli  ^Hui  (OURBiaHraititA  «iill  amof  >ni<illiun<irti  vwvtli^lidio  ‘Ufu  <m* 
acQCiSlwlitni  ttaStf  tttts  ttmrtte  tHwrWggn^^ 
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(2)  Tne  Combat  Envlronmetibs 


These  arise  only  during  operation  In  a  combat  situation, 
and  are  Interrelated  with  the  natural  and  Induced  environ¬ 
ments  of  the  situation.  The  main  feature  of  these  environ¬ 
mental  conElderationa  Is  that  they  will  contribute  to  a 
deterioration  of  the  erfectlveneas  of  the  system  in  a  combat 
cltuation,  unleaa  preventive  meaaurea  are  considered. 

The  problem  areas,  the  origins  of  the  problem,  and  the  factors 
upon  wtiioh  they  depend,  are  listed  for  both  induced  and  combat 
environments  In  Tables  16  and  17. 

2.  IMDOCBD  IMVIRONMEKTS 

(1)  Holse  Levels 

The  noise  level  in  the  QBM  sust  be  controlled  in  order 
to  provide  a  satisfactory  working  environment  for  the  op¬ 
erating  personnel.  At  the  same  tine,  such  treatment  will 
provide  a  measure  of  control  over  the  external  noise  level, 
depending  on  how  the  basic  problem  is  attacked.  A  reduction 
of  basic  powerplant  noise  will  have  the  greatest  all-around 
advantage,  and  If  adequate  vibration-absorbing  and  sound¬ 
proofing  naUiods  sre  utilised,  t)M  best  over-all  charac- 
terlstlcw  will  have  been  achieved. 

li)t  approximate  levels  '>f  toler  a.  *  •  intem«il  noise  are 

(41) 

listed  below  for  the  total  audio  range  of  IsgMrtance: 
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Power,  rotational  speed,  structural 
damping 


Tmble  17 

Combat  Environment 


Frequency  Range, 

Cycles  oer  Second 

Sou.id  Pressure  Level 
Reference  to  .C002  Millibars 

Overall  (20-9600) 

115 

20-75 

111 

75-150 

111 

150-300 

111 

300-600 

105 

600-1200 

99 

1200-2400 

95 

2400-4800 

87 

4800-9600 

87 

Wh«n  utilizing  a  headset  and  helmet  of  good  design  for 
coiiiiiunloatlon«  the  maximum  ambient  noise  level  for  good 
speech  eonsiunlcatlon  is  about  100  db. 


For  nora^  speech  coBmunioatlon  without  telephony,  noise 
levels  should  bo  leas  than: 

approximately  60  db  -  for  nortaal  voice  conaonloatlon 

*  66  db  ~  for  loud  voice  ooemunloatlon 

*  72  db  >  for  shouted  voice  coananioatlon 

Contact  with  the  designers  and  operators  of  several 
current  experimental  OEMs  indicates  that  the  noise  level  ex¬ 
perienced  inside  the  cockpit  and  in  the  iarediate  vicinity 
of  the  vehicle  are  at  least  high  enough  to  reouire  shouting 
and  ear  protection.  Naximum  noise  levels  have  been  measured 
between  90  and  120  db  for  anas  earlier  models.  Fu'vire  de¬ 
sign  Is  expected  to  reduce  these  w  'tmum  values  predictably, 
and  indicatims  are  that  fn-  ,he  next  gv..  "atlon  of  OSNs, 
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cockpit  noise  levels  or  the  order  oi'  30  tn  95  db  laay  be  ex¬ 
pected,  requiring  ear  protection  for  continuous  use  and 
telephony  for  adequate  operational  functioning.  It  is  not  ex 
pected  that  external  noise  levels  will  be  reduced  to  ouch 
below  90  to  120  db. 

(2)  Vibrations 

Vibration  Is  experienced  in  sMny  form  and  orders.  The 
■ajorlty  of  the  Induced  vibrations  result  as  follows: 

1.  Power  Onlt  Induced 

Vibrations  Induced  at  the  fundeaental  frequencies 
of  the  power  unit  and  a«  the  harwonlcs  of  these  frc  • 
queneies  my  lead  to  structural  daaage. 

These  are  transaltted  through  the  structure,  axid 
are  aapllfied  by  structure  panels  to  different  anpli* 
tudes,  if  the  panels  are  not  adequately  supported  and 
daaped. 


2.  Lift  3yste«  Induced 

Periodic  fluctuations  in  the  olr  flow  through  the 
air-flow  ducting  my  reeonavu  in  Uw  dacllng  under 
som  operstlng  conditions  The  frequency  of  vlbrs- 
tlon  is  s  function  or  duet  geow  ^"y.  duct  pressure  snd 
duct  wall  stirrr.ses. 
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It  Is  possible  a  slmlloT  situation  may  aut'lae 
In  the  base  region  of  the  vehicle,  at  low  vehicle 
heights,  when  the  damping  properties  of  the  air  cushion 
are  olnlnlzed,  Peiv^dlclty  In  the  air Jet  flow  may  In¬ 
duce  periodic  fluctuations  In  the  cushion  pressure 
which  may  be  amplified  by  the  base  structure. 

3.  Shock  Induced 

The  natural  freijuencles  of  the  structure  may  be 
excited  by  frequent  shock  loadings  arising  In  particular 
from  Impact  with  waves  during  sea  operations  at  low 
operating  heights. 

.  (*^1) 

^ .  Acceptable  Vibration  haU 


Frequency,  c/a 

Amplitude  >  inches 

Imperceptible 

lUnSSSoSini 

1 

<  .oa 

>.02 

! 

1 

>2 

<2 

10 

< .0002 

>.0002 

>  .02 

<.02 

>.00002 

100 

<.00002 

<.OOC5 

>  .0005 

Dlsoueslons  with  QBK  conetruntore  end  operators  have 
shown  that,  to  date,  none  of  the  problests  uutl  -*''td  here 
have  been  experienced  to  an  ;  wrtant  degree.  A  few 
cere  we  have  worked  loo*»,*  and  soswi  •ructurai  vibration 
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has  bean  noticed,  but,  with  careful  redesign  of  details 
utilizing  established  design  practices,  these  were  soon 
eliminated. 

(3)  Component  -  Generated  Temperatures 

71.«  poui^cea  of  GSK-generated  temperatures  are: 

power  units 
-  human  occupants 

fluid  dynamic  friction 

The  only  significant  sources  ere  the  power  plunts.  The 
highest  temperatures  occur  internally  in  and  around  the  com¬ 
bustion  chambers,  and  externally  close  to  the  exliauels. 

The  local  temperature  rise  in  the  OEM  due  to  these  high 
temperatures  depends  on: 

1 .  Engine  cooling 

2 .  Insul ation 

3.  Conduction  through  the  structure 

4.  Radiation  from  the  engine  and  axhausts 

1. 

Typically,  the  surface  temperature  on  outside 
of  s  gss  turbine,  prior  tc  'noulstlon,  or  external 
cooling  air,  ranyia  fr  m  aoticnt.  *-  the  intake,  risii^ 
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to  about  400*^  P  at  tho  combuBtio;'.  chamber,  and  then 
rapidly  to  about  900°  F  at  the  Jet  pipe.  With  provlalon 
of  adequate  Inaxilatlon,  these  majclinuin  temperatures  can 
be  reduced  to  aboub  330°  P  and,  Mlth  axtemal  cooling 
air,  to  120°  P.  Exhaust  gas  tenq>eratures  are  of  the 
order  of  1500°  P. 

2,  Platon  Engines 

The  distinction  is  made  between  air-cooled  and 
water-cooled  engines,  since  appreciably  different 
surface  temperatures  are  inherent  in  each  type. 

For  water-cooled  engines  at  sea  level,  the  maKlanw 
likely  temperatures  to  be  met  are  those  associated 
with  boiling  water  at  pressures  sosmwhat  higher  than 
atmosf^eric,  with  never-moeed  values  in  the  range  of 
120°  C  to  150°  C. 

For  air-cooled  engines,  surface  temperatures  close 
to  the  cylinder  walls  may  be  as  high  as  200^  C  to  2110^  C, 
reducing  r^idly  along  cooling  surfaces,  such  as  the 
cooling  fins  mounted  on  the  cyliiuiers. 

Exhaust  gas  temperatures,  in  the  exhaust  aB.-\ifold, 
lie  in  the  range  600^  C  to  ^000°  C,  the  lowet  tempera- 
cures  being  more  applicable  to  'w  eomprssa5 ' n  ratio 
engines  (4:1  to  5:1)*  and  high-speed  compression-ignition 
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engines,  and  the  hlgner  vsQuen  .tre  appropriate  to  hlgh- 
compresBlon  high-speed  engines  of  aircraft  type. 

5*  Effects  of  Component-Oenerated  Temperatures  on 
Vehicle  Opera v ion 

In  non-conbat  situations,  these  resolve  Into  the 
effects  on  the  structure,  and  the  effects  on  the 
operating  personnel.  In  both  cases,  with  no  more  than 
the  amount  of  Insulation  and  isolation  currently 
provided  for  aircraft  potferplant  installations,  no 
problems  will  be  encountered. 

Combat  situations  as  affected  by  temperature 
generation  are  discussed  under  ’’Combat  Environments.” 

(4)  Exhaust  Oases 

The  exhaust  gas  level  is  only  of  Importanoe  at  low 
and  sero  forward  speeds,  where  relngestlon  of  the  oushion 
air  may  trap  substantial  quantities  of  gases,  and  create 
a  noxious  atmosphere  In  and  around  the  crew  compartment. 

No  experience  of  adr*'rse  effects  have  been  quoted.  If 
the  exhaust  staolct  of  the  powerplanta  are  located  dia¬ 
metrically  opposite  the  crew  compartment  and  directed 
away  from  it,  the  posalbls  relngestion  will  be  m<  lelsed. 

Tt  may  be  necessary  at  low  and  tv  ''  forward  speeds  to 
provide  some  form  of  torc^i  ventilation  n  the  crew  area, 
which  will  tc  quite  a  simple  matter. 
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Probable  exhaust  composltlcrs  that  may  occur  in 


practice  are  as  follows: 


Nitrogen 

Oxygen 

Carbon  Dioxide 
Carbon  Monoxide 
Inert  Oases  &  Water 


clprocatl 


Wc'k  Normal  Rich  Weak  Normal JRich 


77  77  77  77  77  77 

10  1  0  19.6  17  17 

6  13  6  1.5  5.4  1.5 


1  i  8  I  5  1.9|  2.6  I  1^4 


(5)  Static  Electricity  Potentials 


Sources  of  Static  Electricity  Potential 


(l)  Aerodynamic  friction 

in  hover  -  the  lift  ojetm, 

1n  forward  motion  -  the  lift  system  and 

flow  past  the  structure 


(2)  Airborne  partlclss  -  sand,  dust,  dirt,  moisture, 

snow,  resulting  In  pre> 
clpltatlon  static  approxl- 
mutely  proportional  to 


(3)  Fueling  processes  - 

(4)  Atmospheric  *  electrostatic  induction 

from  charged  c'juds 
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The  question  of  static  electi'icl- y  potential  Is  of  some 
concern  8?.nce  quite  high  potentials  have  been  discharged 
from  helicopters  and  aircraft  on  returning  to  the  ground 
after  operation  at  altll  de.  In  addition,  static  elec¬ 
tricity  potentials  have  been  developed  during  fuelling  and 
defuolllng  operations,  presenting  an  explosion  hazard. 

Prom  discussion  with  Mr.  Knock  Durbin  at  Princeton 
University,  the  follovrlng  points  are  pertinent. 

The  atmospheric  charge  inducsd  by  aerial  vehicles  is 
a  function  of  the  altitude  at  which  they  fly;  the  charge  In¬ 
herent  In  the  atmosphere  Increases  with  altitude.  Increas¬ 
ing  most  rapidly  In  the  first  5000  to  10,000  feet.  Close 
to  the  ground,  the  rate  of  increase  is  approximately  1  volt 
per  centimeter.  A  helicopter  Hying  to  5000  'eet  will  ac¬ 
quire  a  charge  of  50,000  volte,  which  is  then  discharged  on 
oonteot  with  the  ground. 

A  OEM  lb  u]\llkely  to  fly  much  higher  than  5  to  6  feet, 
bhleh  corresponds  to  a  charge  of  approximately  15O  to  200 
volts,  and  it  is  poss^ule  that  aerodynamic  friction  may 
double  these  values.  The  energy  stored  ir.  -.no  091  is  a 
functl'”!  of  this  charge  and  the  OSPt- to -ground  capacitance. 

A  typical  value  of  this  capaelt#L\cc  la  approximate < >  100 
micro*»icro-farad.  Under  these  coue'*^lona,  the  energy 
-4  -2 

stored  is  2.0  x  10  to  2.0  x  ID  nlllljoules.  The  total 
electui'.H  reslatancc  of  an  operator  may  be  ahyehore  from 
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10,000  to  500  ohms,  depeinling  on  the  .moisture  content  at  the 
contact  point,  the  type  of  clothing  and  the  ground  condition. 

T^ie  initial  value  of  current  discharge  throvigh  an  op¬ 
erator  on  the  ground.  In  this  typical  situation,  varies  from 
40  mllllamps  to  0.8  aa^s,  although  8  to  15  mllllamps  Is 
about  the  maximum  steady  current  discharge  throxigh  an  op¬ 
erator  that  Is  acceptable.  The  time  constant  of  the  CiSM/' 
operator  eleu'^ricol  circuit  Is  such  that  the  dlscheu^ge  cur¬ 
rent  drops  to  less  than  this  within  2  millionths  of  a 
second. 

Hence,  with  the  order  of  resistances,  charges  nnd 
capacitances  involved  in  typical  QEHs,  the  current  level  ex¬ 
perienced  during  discharge  will  not  be  at  a  high  enough  level 
for  a  sufficient  period  to  disable  operating  personnel. 

From  experiments  with  a  rolling  fluid  transporter.  It 
has  been  stated  that  an  energy  level  of  .2  mlllljoules  is 
necessary  to  Ignite  an  explosive  mixture  of  JP-4.  Since  the 
energv  level  contained  in  a  OEM  may  be  of  the  order  of 
-4  -2 

2.0  X  10  to  2.0  X  10  mlllljoules.  It  is  not  anticipated 
that  atmospheric  or  aerodynamically  Induced  charges  will 
constitute  a  danger. 

Aerodynamically  Induced  oharg..  arise  from  friction  be¬ 
tween  the  moving  fluid  ana  the  vehicle,  end  between 
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particles  carried  with  the  fluid  and  the  vehicle.  Ttiese  may 
be  either  negative  or  positive  charges,  and  so  may  Increase 
or  reduce  the  Induced  charges.  It  Is  not  expected  that  these 
charges  will  more  than  double  the  Induced  charges;  as  In¬ 
dicated  above,  the  problem  Is  still  not  severe. 

A  complete  and  practical  solution  to  this  problem  exists 
since  any  fom  of  Intermittent  contact  with  ground  by  a  con¬ 
ducting  material  such  as,  metal,  conducting  rubber,  etc., 
combined  with  complete  and  adeQuate  electrical  bonding 
throughout  the  machine,  will  prevent  build-up  of  the  charge, 
and  hence  eliminate  the  need  for  concern  over  the  problem 
of  static  electricity, 

(6)  Visibility 

Basic  daytime  visibility  should,  first  of  all,  consist 
of  a  complete  field  of  view  with  the  minimum  of  structural 
features  obscuring  line  of  sight.  Ihe  actual  range  of 
visibility  will  depend  to  some  degree  on  the  operating  height 
of  the  vehicle.  Visibility  in  rain  or  heavy  mist  and  spray 
can  be  assisted  by  direct  vision  devices,  such  as  are  cur¬ 
rently  used  on  ocean-going  ships  and  were  ".'.lilted  on  the 
SR.Nl  for  English  Channel  operations.  The  visibility  neces¬ 
sary  for  nighttime  operations  or  operations  in  fo;  will 
h^.vo  tn  bo  provided  as  usual  by  son,.  *(ind  of  radar  terrain 
detection  device. 
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In  addition  to  vehicle  conflguri^tlon  limitations,  and 
natural  environment,,  visibility  may  also  deteriorate  with 
QEIto  when  operating  at  zero  or  low  forward  speeds  (up  to 
about  10  knots)  over  c&'taln  types  of  surface,  due  to  par¬ 
ticles  being  dislodged  and  thrown  vertically  by  the  air 
curtain.  It  has  been  the  experience  of  OEM  operators  that 
hovering  over  water,  sand,  snow,  or  loose  dirt  produces 
a  cloud  of  particles  that  completely  envelope  Uie  vehicle, 
thus  severely  reducing  the  visibility.  This  same  cloud 
makes  It  difficult  for  ground  personnel  to  operate  near 
the  vehicle  without  protective  clothing. 

The  cloud  of  water  droplets,  sand,  or  dust  Is  a 
fSBdliiu  one  to  helicopter  operators  and  Its  effects  are 
wall  known.  For  example,  during  takeoff  in  a  he;J copter 
from  snow-covered  terrain.  If  any  time  Is  spent  hovering, 
a  "whlte-out*  occurs,  and  It  becomes  extremely  difficult 
for  the  pilot  to  control  the  helicopter  In  order  to  rise 
above  the  snow  cloud  or  set  the  machine  down*  Such  condi¬ 
tions  tend  to  nTV)ciude  helicopter  operations  unless  ade¬ 
quate  basic  stability  in  hover  can  be  provided,  to  enable 
essentially  a  *hsnds-cff''  take-cff. 

A  *whlte-out"  can  also  occur  with  a  Qm,  but  ^-he  prob¬ 
lem  of  stability  and  control  doe**  not  arise,  since  the 
vehicle  can  be  Inherently  ecrble  In  ho.  As  soon  as 
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the  vehicle  or  by  the  response  of  the  vehicle  to  operating 
conditions  and  surface  conditions^  without  contact.  "Shock” 
arises  essentially  from  contact  with  the  surface  or  ob¬ 
stacles,  and  Is  of  a  ve..y  short  duration,  high- magnitude 
character . 

1.  Acceleration 

The  "accelerations"  of  Importance  are  those  due 
to  dynamic  response  and  applied  maneuver  forces,  and 
are  considered  longitudinally,  laterally,  and  ver¬ 
tically,  at  or  near  the  center  of  gravity,  and  at  the 
vehicle  extremities. 

At  center  of  gravity:  Vertical 

liOngltudin*! 

Lateral 

At  nose  and  tall:  Vertical  (pitch) 

Lateral  (yaw) 

At  sides:  Longitudinal  (yaw) 

Vertical  (roll) 

(1)  Center  of  Qravlty  Acoeleratione 

Longitudinal .  Tho  maxlssut  will  occur  during 

braking  and  accelerating. 

Nax.  effort  epeed  increase  ^  .2g 
lbu%  effort  oraklng  .  .pg 
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Lateral «  *i'axlnain  duri^ig  maKlmum  effort  turns. 


Max.  effort  turn  4.  .Ig 

Vertical.  Naxlmun  when  traversing  undulating 
terrain  or  smooth  swells  at  seti. 

o..r  «.«.  «««  -  0.5. 

accelerations  from<K3s  to  •k4g 

(2)  Other  Accelerations 

The  accelerations  at  the  remaining  locations 
are  not  susceptible  to  generalization  since  they 
are  very  dependent  on  vehicle  geometry  and  must 
be  evaluated  on  an  Individual  basis  for  each  con¬ 
figuration. 

2.  Shock 

The  magnitudes  of  shook  loadings  depend  on  the  lo- 
oation  In  the  vehicle  at  tdilch  measureswnt  is  made} 
positions  furthest  from  the  center  of  gravity  are  liable 
to  the  most  severe  shook  loadings. 

Ground  Bffeot  Kaohlnee  present  «  ^'udlcally  different 
problem  than  any  other  vehlole  when  assessment  of 
dynamlo  response  and  oonss'^ient  shook  loadit.  is  desired. 
Tl.e  oomtoination  of  low  daapi*.^  about  and  along  all 
axea«  and  poor  oontroiASblllty  (by  uoa|>arlson  to  other 
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vehicles  and  the  lack  of  basli;  understanding  of  the 
dynamic  nature  of  the  ground  effect  phenomena  make 
this  assessment  difficult. 

Ihe  only  thorough  study  available  to  date  Is  that 

conducted  at  Savmders-Roe  on  the  SR.Nl  and  Its  develop- 
(29) 

ments.  Per  these  vehicles,  the  design  stressing 
condition  was  a  12g  Impact  at  the  bow.  A  series  of  modwl 
tests  were  conducted  to  determine,  with  the  aid  of  an 
analog  computer,  the  coefficients  of  the  equations  of 
motion  for  the  vehicle  series.  The  resultant  motion 
analysis  showed  good  agreement  with  the  test  results, 
and  predicted  accelerations  at  the  bow  on  Impact  with 
waves  on  the  order  of  98 's  within  the  operational  speed 
range  of  the  vehicles.  Higher  speeds,  approximately 
twice  those  for  normal  operation,  developed  bow  acc*ler> 
atlons  with  impact  of  roughly  twice  this  magnitude. 

The  corresponding  accelerations  at  the  vehicle  center 
of  gravity  wei'e  on  the  order  of  ?.0  to  6.0g.  Immersion 
of  the  bow  on  Impact  tende  to  reduce  these  valuee  by 
approximately  30  per  cent. 

Theae  valuee  were  evaluated  for  operation  over 
a  aea  with  waves  of  alnusoidr<l  form,  with  wr’r  heights 
of  1.5  times  the  vehicle  o,  "etirg  height,  Kvperlanoe 
with  Che  sr  has  st  that  op«.  'tion  in  random  seas 
with  wave  heighta  of  twice  this  magnitude  is  possible 
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for  the  same  lapaot  aocelerationp . 


It  iB  not  within  the  scope  of  this  study  to  modify 
or  extend  these  data  In  a  general  way  to  cover  all 
vehicles.  It  Is  be.'leved  that  the  ttresslng  conditions 
utilized  for  the  SR.Nl  may  be  applied  Judiciously  to 
many  sizes  of  over-water  vehicles,  provided  the  desired 
operating  conditions  are  similar. 

(8)  Re-lngestlon  of  Downwash  Air 

This  Is  one  of  the  more  pressing  problems  associated 
with  OBM  operations,  creating  an  It  does  overhaul  and  main¬ 
tenance  problems  and  a  reduction  In  performance  when 
operating  In  sea,  snow,  and  sand  environments.  In  partlcu?«.r, 
and  on  a  loose  surface  In  general. 

The  re-lngestJon  of  salt  spray,  snow,  or  nand  has  be-.rri 
a  pmhiom  for  helicopter  operations  for  some  time,  resulting 
as  It  does  In  a  loss  of  engine  performance,  combined  with 
erosion  of  the  compreesor  and  stator  blades,  and  the  lifting 
rotor  blades.  The  mecharilems  that  result  In  performance 
reductlone  are: 

1.  Salt  Incrustation  resulting  In  reduced  mass  flow 
th/rough  the  engine  and  lilt  ayctems  and  '  uroalon, 

If  left  unchecked  for  a  .  'w  hours  in  tropical 
conditions , 

2.  Icing  -  with  broadly  the  same  effect  as  salt 
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airflow  than  that  of  tho  helicopter,  and  when  operating  at 
zero  or  low  fox*ward  speeds  over  loose  material,  snow  or 
sand,  tends  to  create  a  depression  In  the  surface,  which 
redirects  the  Jet  Into  a  high  trajectory  away  from  the 
vehicle.  This  redirected  Jet  Is  still  much  more  concen¬ 
trated  than  a  similar  helicopter  flow  field,  and  in  con¬ 
sequence  tends  to  provide  a  higher  concentration  of 
entrained  particles,  than  the  redirected  helicopter  down- 
wash.  A  much  higher  proportion  of  the  total  entrainment  will 
he  recirculated  through  a  GEM  rotci  than  through  a  heli¬ 
copter  rotor. 

It  should  be  noted  that  the  intake  area  of  the  OEM 
lift  fan  will  be  considerably  less  than  the  disc  area  of 
the  comparable  size  helicopter,  and  hence  the  Intensity  of 
entrained  particles  ai'rlving  at  the  fan  Intakes  may  be 
ronelrternbly  higher  than  that  arriving  at  the  rotor  disc 
of  a  helicopter  of  the  same  weight  and  loadings.  These 
particles  will  tend  to  be  of  the  order  of  desert  sand)  the 
larger  particles,  being  too  heavy  to  he  carried  by  the  re¬ 
circulating  velocities,  will  return  to  tne  ground. 

Since  the  OEM  int^e  velocity  will  be  comparable  with 
the  Jet  exit  velocity  and  herr»  ap^'reciably  hlghf  .han  the 
Pow  v-ioclty  developed  throu^  c.  'Wllcopter  rotor,  and 
since  the  OEM  lift-faii  3p;:«l  will  most  ...  kely  be  higher 
than  the  helicopter  rotor  speed.  It  .l»  likely  that  the 
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velocity  beLwecn  fan  blades  arci  entrained  particles 
will  bo  appreciably  more  tban  that  experienced  by  the 
helicopter  and  rotor  blades,  except  towards  the  tip.  Tlils, 
combined  with  the  higher  density  of  entrained  particles 
wilx  present  em  appreciable  erosion  problem,  and  a  con¬ 
siderable  likelihood  of  ice  and  salt  Incrustratlon  under 
appropriate  operating  conditions. 

T^iene  comments  have  been  made  primarily  with  respect  to 
"he  lifting  fan  system,  but  the  same  problems  exist  to  no 

a  degree  as  far  as  the  main  engine  Ingestion  is  con¬ 
cerned. 

(9)  Salt  Water  Ingestion 

An  investigation  of  salt  water  ingestion  by  gas  turbine 

(?0) 

engines  in  helicrptar  operations,  has  shown  that  In  con¬ 
tinuous  operation  close  to  the  water  an  inKeatibn  rate  In 
excess  of  10  cc  of  salt  water  pe  minute  would  have  been 
experienced  for  each  engine  (the  power  plants  were  2  T58 
engines).  The  drop  sites  ingested  at  the  low  altitudes 
ranged  from  2  to  500  microns  of  which  hal*'  are  in 
the  20  to  80-iaicron  category. 

The  effect  of  operation  near  the  water  lo  alro  chowr. 
on  the  engine  power  available,  «hich  reduced  by  20  to 
per  cent  after  about  h  hnure,  r«..  'ning  cynwlnnt  from 
this  time  on.  These  power  losses  are  mainly  caused  by  salt 


deposits  forming  on  th^  comprossor  blades,  being  retained 
there  by  a  ver^*  strong  inter-molecular  mechanical  bond, 
described  as  "Van  der  Wall's  forces."  TSiese  deposits 
thicken  and  roughen  the  blades  creating  poor  compressor  flow 
characteristics  and  reduced  mass  flow. 

An  additional  long-term  effect  of  this  salt  incrusta¬ 
tion  is  the  development  of  corrosion  pitting  due  to  galvanic 
action  between  the  lonlred  «(8it  (whl^h  absorbs  moisture 
when  the  engine  is  not  operating)  and  the  conducting  metal 
surface. 

The  methods  adopted  for  control  of  salt  deposits  com¬ 
prise  wtttthing,  inhibiting,  and  wlade  coatings,  each  of 
wnich  adds  some  very  desirable  measure  of  prevention. 

The  washing  procedure  comprises  a  generous  flushing 
kith  fresh  water  dally  with  the  engine  cool  and  rotated  on 
the  starter,  followed  by  five  aUnutes  minimum  at  idle 
power  to  dry  out  the  engine. 

'Rte  inhibiting  procedure  consists  ol  spraying  a 
•pedal  oil  with  additives  Into  the  in',  ^  'he  ooclne 
•lows  uown  after  switch  off;  this  has  the  effect  of  dis¬ 
placing  any  remaining  water  from  the  bladea. 

Blade  coatings  are  utfUced  to  .  ''tnlah  ti.o  galvanic 
action  between  the  salt  and  the  oonduoting  metal,  and  are 
cos9letely  effective.  The  choice  of  coating  Is  dependent 
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on  the  engine  temperacui'e  condition,  ’vhile  all  coatings  are 
susceptible  to  erosion  from  sand  and  dirt,  indicating  the 
need  for  periodic  recoatlng. 

These  control  methods  are  successful  and  may  be 
applied  equally  well  to  the  GEM  lift  fan  and  duct  systsin, 
and  to  some  extent  the  outside  vehicle  skin. 

(lO)  Sand  and  Dust  Ingestion 

(48) 

Test  results  reported  on  the  T33  healcopter  gas 
turbine  Indicate  the  extent  to  which  current  engine  designs 
can  te  developed  to  withstand  the  severe  sand  and  dust 
environment  likely  to  be  experienced  by  GEMs. 

A  formal  test  program  was  conducted  on  a  T53»  In  whicn 
50  30-inlnute  consecutive  runs  were  made,  simulating  30- 
minute  missions  in  a  sand  and  dust  environment.  The  sand 
and  dust  particles  Introduced  into  the  engine  ranged  through 
305-iilO  microns  in  size,  at  a  concentration  of  .010  grams 
per  cu.  ft.,  representing  operation  In  ground  effect  for 
5  hours,  and  sizes  through  0  -  80  microne  at  a  concentra¬ 
tion  of  .001  grams  per  cu.  ft.,  repreB»»ntlng  operation  out 
of  ground  effect  for  20  hours. 

At  the  end  of  the  test,  I'l  per  cent  loss  in  ••orsepower 
'.ad  occurred,  a  10  per  cent  loss  .  •  apeclfJc  rue"*  con¬ 
sumption  was  evident,  and  some  eand-blaec  erosion  wee 
apparent  in  the  compreeeor  section.  No  blockage  of  a^r 
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noiil  lng  passages  had  occurred,  and  the  air  filter  ana  oil 
syar.#»rn  were  ^vee  of  When  t  he  eroded  parts 

had  been  replaced,  all  of  which  were  field  replaceable, 
the  power  and  consumption  were  within  1  oer  cent  to  2  per 
cent  of  the  noimal  value. 

A  u^er  test  program  was  also  conducted  with  a  Bell 
YHuq  helicopter  at  Yuma,  Arizona;  over  a  period  of  40.b 
hours,  l4  hours  were  spent  in  ground  effect. 

Tills  was  a  much  longer  duration  test  than  the  formal 
one,  Including  5  tlires  as  much  time  "in  ground  effect," 
and  yet  no  power  loss  was  reported,  and  only  1.5  per  cent 
In  specific  fuel  consumption.  When  the  engine  was  examined, 
the  erosion  was  vmry  mild,  and  confined  to  the  oxlal  com¬ 
pressor  section. 

This  Indicates  that  the  sand  and  dust  environment  at 
Yuma,  combined  with  the  flow  field  about  the  helicopter, 
did  not  create  as  much  Ingestion  as  had  been  utilized  In 
the  teat,  in  which  65  pounds  of  sand  had  been  run 

through  the  engine.  This  suggests  that  the  proportion  of 
sand  particles  of  the  sizes  used  l.n  the  i  •imai  test  wac 
quite  small  in  the  desert  test,  and  that  th«  rotor  duwr.waeh 
velocities  were  too  low  to  porsat  the  more  nunerous  larger 
particles  to  be  carried  to  the  inte..  by  the  rec  I  rculatlt^ 
stream.  Hence,  the  forsuQ  test  conditions  could  be 
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considered  extreme  as  fax'  as  8lmxlat1.r^  rctor-lnduced  sand 
concentrations  are  concerned^  thus  showing  the  capability 
of  current  engine  designs  for  these  operations. 

In  summaryj  althougn  the  mass  flow  of  a  could  be 
much  less  than  a  similarly  loaded  helicopter,  the  Jet 
velocity  will  be  considerably  more  than  the  rotor  downwash 
velocities,  by  a  factor  of  2  to  3,  thus  penuiltlng  entrain¬ 
ment  of  larger  particles  than  those  considered  In  the  heli¬ 
copter  test.  The  entrainment  will  become  more  concentrated 
due  CO  the  action  of  the  Jet  on  the  ground,  and  will  be 
directed  more  towards  the  vehicle  than  Is  the  case  for  the 
helicopter.  Combined  with  this  are  the  facts  that  the  OEM 
intake  area  is  much  smaller  titan  the  helicopter  rotor  dl;.c 
area,  (and  is  comparable  with  the  Jet  exit  area, )  and  the 
Intake  velocities  will  be  much  higher  than  the  flow 
velocities  through  the  rotor  blades.  Thus  the  concentration 
of  entrained  particles  will  be  at  least  as  high  as  for  the 
helicopter  and  probably  much  higher.  Erosion  can  be 
expected  to  be  severe,  particularly  since  the  fan  blade 
linear  velocities  will  be  comparable  to  tnose  of  the  rotor. 
In  the  regions  of  0.6  to  0.7  Mach,  number.  As  far  as 
engine  designs  are  concerned,  current  state-of-the-art 
seems  to  be  quite  capable  of  ac'iou.ntlng  for  sand  u.d  dust 


(li.)  Snow  ana  Ice  Accui.vjiatlon 

Experience  with  ships  and  aircraft  operating  in  the 
Arctic  and  Antarctic  latitudes  Indicates  that  very  severe 
snow  accretion  and  Icing  conditions  can  develop  that  will 
build  up  large  quantities  of  Ice  on  the  structure  of  any 
vehicle  operating  on  or  near  the  surface. 

'T'hree  particularly  severe  conditions  arise: 

1.  The  accufliuiatlon  of  snow  on  stationary  vehicles, 
during  snow  storms,  natural  or  induced. 

2.  The  accoiuuldgxon  of  ice  on  leading  edges  and 
propeller  blades  at  forward  speed. 

The  accumulation  of  ice  on  vehlclea  operating 
over  water,  when  the  water  temperature  is  above 
lo  al  freezing,  while  the  air  temperature  is 
below  freezing. 

The  first  problem  is  a  familiar  one  In  operation  of 
vehicles  and  aircraft  in  these  areas  and  can  be  tackled  in 
the  same  way  as  for  cuirent  vehicles. 

Tne  second  item  Is  agsin  a  familiar  one  In  atror'sft 
operations,  except  that  more  continuous  dsvelopow  '.c  of 
.•ich  icing  condltloi  k  may  ha  expsv  'd,  when  compr  red  to 
aircraft  which  can  be  operated  above  or  below  the  icing 
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itvei  and  hence  In  gentrcLl  only  have  to  contend  wi^  vn  the 
problem  during  part  of  a  mission. 

The  third  Item  Is  of  great  lo^ortance  and  Is  parti¬ 
cularly  experienced  by  ships  at  sea  in  these  areas.  War¬ 
time  experience  of  convoy  operations  to  Murmansk,  emd 
experience  of  fishing  fleets  In  the  Iceland  area,  has 
shown  how  very  large  quantii.ies  of  Ice  can  accumulate  on 
K  ship ‘8  superstmicture  under  these  conditions,  leading  In 
sjme  cases  to  an  unstable  condition  In  roll  (n  negative 
metacentrlc  height,  due  to  the  now  top-heavy  super¬ 
structure)  which  results  In  capsizing  and  loss  of  ships 
ana  crew. 

For  OEMs,  the  problem  Is  different  and  somewhat  less 
catastropiilc,  although  still  severe  in  terms  of  carrying 
out  any  given  mission. 

By  virtue  of  the  current  type  of  llft-produclng 
mechanism,  the  OW  develops  appreciable  spray,  which  in 
hover  and  at  low  forward  speeds  envelopes  the  machine 
Under  the  severe  icing  conditions  quoted,  this  spray  will 
Immediately  freeze  on  contact  with  th*  Mn“,  except  In 
areas  of  higher  temperatures  near  the  engines  end  exhausts, 
and  will  oontinuQ  to  build  up  ts  long  at  these  t  editions 
ire  maintained.  In  fact,  as  the  ‘■'Ing  oulids  up  the 
vehicle  groes  weight  inoreases  and  the  cushion  pressure 
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Increases.  If  constant,  power  is  maintained^  the  operating 
height  will  decrease  approximately  as  the  Inverse  of 
(cushion  pressure)  with  very  little  change  In  Jet  velocity 
and  mass  flow.  Since  u>e  amount  of  spray  generated  Is  a 
function  nf  Jet  velocity  and  mass  flow,  the  same  rate  of 
Ice  build-up  will  continue.  If  power  Is  Increased  to 
maintain  height,  however,  the  Jet  velocity  and  the  mass 
flow  will  Increase  nearly  In  proportion  to  the  Increase  In 
cushion  pressure  or  gross  weight;  this  In  turn  means  that 
more  and  larger  water  particles  will  envelope  the  machine, 
and  rate  of  Ice  growth  will  accelerate.  This  Implies  that 
the  simplest  way  of  reducing  the  severity  of  Icing  con¬ 
ditions  In  hover  Is  to  reduce  power,  and  hover  at  the 
lowest  possible  height. 

When  resting  on  the  water,  or  wi^en  operating  at  an 
appreciable  forward  speed  such  that  the  spray  generated  by 
the  lift  mechanism  Is  essentially  left  behind,  j^ractically 
all  of  the  Icing  will  result  from  the  super-cooled  water 
vap»i  present  In  the  atmosphere-—  this  will  not  be  as 
severe  as  the  hover  condition,  but  will  certainly  result  In 
a  "glaze"  Ice  coating  on  the  vehicle  at  rest,  and  ice 
build-up  on  the  forward  portions  and  fans  and  propellers  at 
forward  speed.  In  addition,  if  weather  conditic  is  are  such 
that  a  sea  mist  Is  encountered  at  'bzero  air  tenperatuu-e, 
very  rapid  Lee  build-up  will  again  result. 
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plant,  including  that  ;art  of  the  over-all  noise  level 
mat  is  amplified  by  the  structure,  can  be  reduced  to 
the  same  level  as  the  aerodynamic  noise,  a  OEM  would  be 
virtually  undetectable  on  this  score. 

The  only  way  that  this  could  be  approached  currently 
(and  the  power  source  is  still  in  the  experimental  stage) 
l3  by  the  use  of  fuel  cells  powering  electric  motors  to 
drive  the  lift  fan.  However,  more  immediate  power  plants 
will  b'i  gas  turbines  and  piston  engines.  Current  gas  tur¬ 
bines  and  piston  engines  require  considerable  effort  to 
silence  them,  with  consequent  appreciable  power  losses 
and  additional  equipment  weights. 

In  order  for  detection  to  be  possible,  the  noise 
level  at  the  detector  due  to  the  OEM  must  exceed  the 
random  noise  level  at  the  detector  location  (which  typi¬ 
cally  would  be  a  coaetal  strip,  where  random  noise  would 
be  generated  by  the  sea,  wind,  disturbed  vegetation,  etc.). 
If  OBM  noise  can  be  kept  below  the  average  random  noise 
level,  then  the  chances  of  detection  from  noiae  are  much 
reduced . 

Such  average  random  noise  level  would  be  below  tivat 
for  normal  conversation,  but  above  that  for  a  wha .per, 
tay,  to  50  db  (ref.  .0002  mill*  '”8).  Kcwevc) ,  this 
also  is  about  the  nolee  level  of  the  litt-eystem  airflow, 
and  is  well  heiow  the  level  from  engines  and  fane. 
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The  variation  of  sound  Intensity  with  distance 

has  been  measured  for  a  wide  range  of  air  and  ground 
(24) 

vehicles. 

From  these  data>  Intensity  level  as  a  function 
of  power  has  been  approximately  evaluated,  such  that 
at  500  feet,  the  noise  level  in  decibels  is 

dB  -  12  log  HP  +  59. 

The  rate  of  change  of  noise  level  with  distance 
has  also  been  derived  as  appiTOxlmately 


for  aircraft  which  givee  d  dB—  (6.5  to  7.0)  for  each 
doubling  of  distance,  within  a  distance  range  of 
100  to  5000  feet.  This  is  very  close  to  the 
theoretical  for  sound  dissipation  with  no  attenua* 
tion  or  reflection  or  stnospheric  disturbance. 

These  factors  will,  however,  play  a  large  part 
in  the  value  of  noise  level  noted  at  any  distance 
from  a  sound  source. 

(43) 

Proa  theoretical  noise*level  studies  con¬ 
ducted  on  vai'lous  OSH  deoUtns,  the  following  appruxi- 
lUteie  noise  levels  appear  lia..'''  for  OWs  designed 
to  the  current  state-of-the-art. 
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k  - 1 

i  Major  Over-all  Sound  Pr*i3.“m*e  Ijevels  at  Source,  db 

1 

Engines  (turbine  and  piston) 

(12  loge  HP+  95)  ±  1C 

!  Lift  yana  (4  to  6  blade,  50  to 
150  HP  par  fan,  tip 
speed  less  than  1100 
feet  per  second) 

130  to  150 

Over-all  Sound  Pressure  Levels 

Approx.  1  yd.  from  Vehicle,  db 

In  line  with  Intakes  (propul¬ 
sion,  lift) 

110  to  130 

In  line  with  Exhausts 

110  to  130 

Elsewhere 

90  to  110 

1 

Th«  x-«duutlon  in  noise  level  due  to  spheric&l  spread* 
ing  of  the  sound  pressure  waves  through  the  atmosphere  is 
given  as  a  function  of  distance  from  the  vehlole>  and  is 
the  same  for  all  frequencies. 


100  yards 

-40  db 

1000  yards 

-60  db 

10,000  yards 

-bO  db 

_  _ 

It.  addition  to  the  spreading,  thex'e  are  attc’" -xtion 
effects  that  are  a  function  of  r*-  rospherlc  condition:) 
and  the  frequency  of  the  eoi.  d  pressu.  waves.  These  at¬ 
tenuation  effects  are  due  to  the  viscosity,  heat  conduction. 
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oxygen  amd  nitrogen  molecular  diffusion,,  heat  radiation, 
and  scattering  properties  of  the  atmosphere.  The  figures 
below  give  approximate  values  of  attenuation  for  standard 
atmospheric  conditions. 


Attenuation 

in  db 

1  Distance 
(yards) 

Frequency  (cycles  per  second) 

IG 

100 

1000 

10,000 

iOO 

.0007 

.0038 

.313 

31.2 

1000 

1 

.007 

038 

3.13 

312. 

10,000 

.070 

.380 

31.3 

3120. 

Typical  ambient  noise  levels  for  various  normal  en¬ 
vironments  are  as  follows: 


Ji^ngle  (calm  day) 

40  to  W  db 

Coast  (oaliu  day) 

30  to  60  db 

Quiet  Residential 

70  to  80  db 

Noisv  Commercial 

83  to  95  db 

Heavy  Traffic 

90  to  100  db 

As  s  typiosl  exsapl*  of  the  effects  of  nolso- 
level  attenuation  on  detection,  oc.tsider  a  vehloi 
traveling  towards  a  coast  on  a  c  day.  The  noise  level 
at  the  vehicle  Is  taken  sr  ijo  db,  anu  ''S  vehicle  la 
turbine  powerwd. 


Tbc  ocl^e  lere^  mz  varlsms  zliZans&s 

riH»  veftslcXe  'tbec  becaaes,  xl'Sii  no  ztKagitaErl:  acttsaamtlsc 


H:^  •  EBB  ^n4i2ne  ea^lait^  iiue  Ir^gaesirf  zMoi  iimz 
cprntt»1,i»  tJbe  htghwt  nslae  l««el  im  the  nelaa  cT  TOO 
to  1300  circles  per  seffond  —  saj  1000  ^xlee  per  seeand. 
So  vBgf  Toosfiij^  toe  o»er-<«ll  ozlae  level  ar  the  tvIoub 
tfirtannrs  mu  oam  hwcoar,  «lt±  artaoaiiKRrle  acst^Tuat'rr 
100  jamfia  «  * 

lOODpavAa  er  Oh 

10.000  mia  19  db 

ant  «lth  «b  aubtnBt  aatna  lanal  as  tan  ooaat  aT  30  th, 
tka  tintanna  as  Atcti  taTarTIna  la  jnaaTlila  alll  be  ahaat 
2500  paz^B. 


Sda  maafliartlflc  of  the  udaa  aljpnatuit  prablaa 
aersaa  tc  ^j^iorlanoe  of  area. 

BBlta  rtffaTTfl  lapaaaass  orOaans  ;:f  aapHtate  ualp;  mioL 
mnA  'raaaTwa  to  ha  tone  hafaea  iUOi  ensi  be  affaet^valp 
tMBltiaat  aosb  a  atabaai  aalw  aljprA>^ 


(2)  Dust  and  Spray 


Dust,  spray,  sand  and  snow  olouds  all  contribute  to 
a  lack  of  operational  security  by  assisting  the  enemy  to 
detect  the  presence  of  activity. 

3SMs,  by  virtue  of  their  basic  lift  mechanism,  dis¬ 
turb  the  surface  over  which  they  are  operating.  The  air 
Jets  that  retain  the  lifting  cusion  blow  out  along  the 
ground  with  Initial  velocities  that  depend  on  the  cushion 
[■ressure,  and  can  vary  from  100  feet  per  aer.ond  to  300 
feet  per  second,  over  a  range  of  vehicles. 

These  air  Jets  entrain  surface  particies  and  project 
tnem  away  from  the  vehicle  and  upwards.  The  smaller 
particles  are  then  carried  by  surface  winds,  while  the 
larger  ones  fall  back  to  the  surface. 

At  zero  forward  speed,  this  entrainment  occurs  all 
around  the  vehicle,  ana  creates  a  curtain  of  particles 
that  hamper  the  operation  of  the  veh/*cle  and  make  the 
vehicle  visible  at  increased  ranges.  The  longer  the 
vehicle  hovers,  the  more  partlolce  ai«  removed  from  the 
surface  by  the  air  curtain,  until  a  “bucket"  Is  formed 
in  the  surface  which  results  iu  pertioJee  being  r" ' Jected 
more  o**  less  vertically.  When  condition  le  reached, 
a  max  law  "eignaturm*  has  create.- 


fit  pn^diia  niT’ta'I nKi  tO'*  r^:--' 

particles  are  deflected  rearwards,  and  a  reduced  degree 
of  entrainment  occurs,  since  the  relative  velocity  be¬ 
tween  surface  and  curtain  has  been  reduced.  Hence,  at 
forward  speed  this  spray  or  dust  cloud  Is  appreciably 
reduced  in  magnitude. 

Current  experience  :.nd}  cates  that  spray  and  dust 
can  be  expected  to  rise  to  heights  approximately  13  to 
^0  times  the  operating  height  of  ti»o  vehjLcie  in  hover, 
and  that  this  will  be  maintained  up  to  speeds  on  the 
order  of  0  knots,  although  the  crest  of  the  cloud  will 
move  rearwards  by  about  one  vehicle  length.  Beyond  these 
speeds,  the  cloud  may  be  expected  to  reduce  In  else. 

A  very  8ii:  ple  fora  of  analysis  serves  to  Indicate 
the  mnxlmum  heights  and  maximum  radial  distances  to 
Which  particles  could  be  carried  by  tr.e  jet  v-urtaln  air, 

(•n  the  assumption  that  prolonged  hovering  will 
produce  essentially  a  vertical  projection  of  the  Jet 
curtain  air,  and  that  particles  will  only  rise  in  this 
air  stream  as  long  as  the  stream  velocity  is  greater 
than  the  tetainal  velocity  of  ih«  particle,  ?igwre  13 
llluatratea  the  orders  of  magnitude  that  might  con¬ 
ceivably  arise,  for  slllcoi  type  p»i .  'lea  (sand;  and 

(2Q,  56) 

for  water  particles  (apray). 
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Figure  15 


(SdlfOUI)  OPUJOJ 


It  is  seen  that  quits  apprsolatlc  hsights  are  pre¬ 
dicted  for  the  very  small  particles,  but  these  are  open 
to  considerable  doubt,  due  in  part  to  the  fact  that  the 
deflected  air  stream  will  undoubtedly  dissipate  much 
more  rapidly  than  has  been  assumed,  and  due  also  to 

m 

the  necessary  extrapolation  of  the  data  on  decay 
of  dynamic  pressure  In  a  Jet  exiting  into  fr*e  a5r, 

In  addition  to  this,  particle  sizes  below  about  100 
microns  possess  terminal  velocities  that  are  comparable 
with  the  random  eir  currents  in  the  atmosphere  and 
would  more  than  likely  be  diaslpated  long  before  reach¬ 
ing  their  theoretical  zenith. 

This  dlacufislon  serves  to  emphasize  the  need  for 
a  more  thorough  Investigation  into  the  flow  fields  and 
vtitrainment  mechanisms  Involved  In  the  generation  of 
dust  tnd  spray  by  OWs, 

Kxperlenoa  with  ths  Curtis -Wright  Air  Car  providaa 
an  aoproxlmatc  correlation  with  part  of  this  analyais. 
Spray  heights  of  the  crd»r  of  10  to  12  feet  were  ob¬ 
served  In  hover,  at  hover  heights  of  the.  order  ef  6  to 
12  Inches  giving  a  ratio  of  spray  height  to  hover  height 
of  20  to  10,  which  from  the  chart,  for  low  plan,  om  load¬ 
ing  irchlolas,  oorrasponds  to  waw  "  particles  in  the 
region  of  .10  to  .30  Inch  In  dlemeter.  It  la  not  known 
whether  this  experience  wre  on  the  pure  plenum  Air  Car, 
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;izi'  om  veltiiiikij  '“slu:  •aiJK’Jjitii-  , 
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.7li®i-niaar-  ^Tirni'tjalfcR,,  BUfflujOESB  sonti  llff,,  attrowE  ttite; 

ii^fi»TT>iMi  t  .-tpTwmii  uaT  flrmrtUiiileEB^,  jin  vfHUtiih  m  Hsbe  ttBaBBTi  oaaon- 
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jtetfc  jj33  aaflifflU.  tlED  tJite  naattiictiEkB  ttBardiri^  wedtoKifiljy..  IReE 
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Horizontal  Projection  of  Siliccn  Pariicl 


(saqouT)  ja;eratJTa  aiojvrWfT 


Horizontal  Travel  (Feet) 


Hor  zontal  PTOjectlon  of  Water  Pai'tic 


(satjou»  aa;aunsjci  8PT^i«c£ 


Horizontal  Travel  (Feet) 
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(4)  Radar  Reflectivity 


The  radar  equation  Is 


K 


^ 


R  is  maximum  range. 

is  transmitter  mean  power, 
is  transmitter  aerial  gain. 

Oj^  is  receiver  aerial  gain. 

X  is  wavelength. 

a  is  Ainction  of  atmospheric  attentuation. 

tL  is  target  echoing  area  -  a  measure  of 

the  fraction  of  incident  radiation  that 
is  reflected  back  to  the  radar  receiver. 

Pj^  is  the  minimum  detectable  signal. 

K  is  the  constant  of  proportionality. 


The  only  factor  over  which  a  OIN  designer  has  con- 

» 

ti'ol«  then,  is  At*  Ttie  main  factors  that  affect  At  and 
the  I'eturneu  signal  are  the  smoothness  and  angular  posi¬ 
tion  of  the  reflecting  surface  relative  to  the  Incident 
beam,  causing  fluctuations  of  the  echo  as  the  target  ap¬ 
proaches  the  radar. 


Note  that  for  modem  Jet  aircraft,  the  air  Intakes 
are  a  major  source  of  radar  echn;  intevferenoe  oc  urs 
'.“twee:,  the  echoes  from  several  .k.  ‘-akes  or  similar  por¬ 
tions  of  the  vehicle  couslrtg  Its  apparci..  mean  position 
to  change  rapidly  and  Inconsistently.  This  Is  useful  In 
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confusing  homing  weapon.^  possessing  radar  homing  devices. 
However,  the  presence  of  snrong  signals  of  this  type 
means  that  detection  la  easier,  and  If  the  fluctuating 
nature  of  the  return  is  recognised,  radar  homing  de¬ 
vices  could  be  discarded  In  selecting  a  retaliatory 
weapon. 

It  would  seem  that  to  minimize  radar  reflectivity 
In  the  direction  of  motion,  the  frontal  aspect  of  a  OEM 
should  be  sharp  with  no  planai'  areas  or  intersections 
located  normal  to  the  direction  of  motion.  If  this  can 
be  achieved,  the  radar  pulse  will  be  reflected  In  specu¬ 
lar  fashion  away  tram  its  initisl  path,  and  no  radar 
signal  will  be  evident  from  the  QBM.  Note,  that  where 
dimensions  on  the  vehicle  are  of  the  order  of  the  radar 
wavelength,  diffraction  occurs,  which  may  give  rise  to 
a  return  signal.  This  Indicates  the  necessity  to  pre¬ 
serve  a  emooth  external  contour  to  the  OEM,  with  the 
mlnlmuir  of  appendages,  bolt  heads  and  nuts,  lap  Joints 
pointing  forward,  and  so  on.  Several  foms  of  coating 
are  under  developsMnt,  that  are  at  least  partially  of- 
fective  in  absorbing  the  radar  signal  at  normal  radar 
frequenclea,  end  could  be  considered  in  thic  are-%. 
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1.  10  watts  per  square  centlneter  at  ICO  yards 
In  wavelength  ranges  from  3.0  to  5*3  microns, 
and  from  7*0  to  14.0  microns. 

-10 

2.  10  watts  per  square  centimeter  at  luu  yards 
In  wavelength  ranges  from  1.8  to  2.7  microns. 

From  a  study  of  the  tenqperature  distribution  of 
typical  engines  llhely  to  be  utilized  for  Ground  Effect 
Machines,  It  would  appear  that  the  maximum  IR  radiation 
at  the  engines,  if  completely  exposed,  will  be  approxi¬ 
mately  60  watts  per  square  «>v3ntlmeter. 

This  value  will  In  general  be  less  at  source,  due 
to  lower  operating  temperatures  than  the  maximum  con¬ 
sidered,  and  will  also  be  Insulated  by  the  surrounding 
structural  material  necessary  to  the  vehicles'  design. 
Further  reduction  In  intensity  occurs  first  as  s  direct 
resxilt  of  the  special  spreading  of  the  IR  radiation, 
and  secondly  as  a  result  of  atmospheric  absorption. 

Since  the  OEM  engines  will  have  operating  tsmpsrs- 
turss  similar  to  thost  for  military  aircraft,  is 
antlcipatad  that  tha  OEM  can  ba  daeignad  to  mast  tha 
same  IR  requlreunts,  probably  with  graacer  aaae,  m  r^a 
the  presenca  of  the  ground  and  its  •.  ‘'ted  obetruoti>rie 
and  atsK>aphere  will  inhibit  tne  passage  oi  IR  redialion 
more  than  for  aircraft. 


(6)  Vulnerability 


A  preliminary  assessment  of  QBt  vulnerability  can  be 
made  by  qvalltatlve  uompai.:8on  with  other  'Vehicles  per¬ 
forming  similar  functions  under  the  same  conditions  of 
retaliatory  firepower. 

Vehicles  that  will  perform  the  same  function  at 
least  In  part*  as  a  OEM,  are  landing  ships  and  trucks. 

Vulnerability  of  these  vehicles  Is  first  related  to 
size  and  speed.  The  larger  a  vehicle  le>  the  more  likely 
it  is  that  a  hit  may  be  scored.  The  slower  It  travels> 
the  more  likely  It  Is  that  a  hit  may  be  scored. 

As  qualifiers  to  this  are  (1)  the  degree  of  damage 
or  casualties  that  will  be  Incurred  by  a  hit  (this  Is  s 
function  of  the  built-in  protection  of  the  vehicle); 

(2)  the  profile  of  the  vehicle  In  relation  to  the  type 
of  attack;  (3)  the  maneuverability  of  the  vehicle  In 
avoldlnc  attack  or  degrading  aiming  accuracy. 

OBIs  and  ships  of  equal  sise  (gross  weight)  can  be 
compared. 

The  QBl  profile  will  be  lower  than  a  correspond ..ng 
ship,  probably  shorter  but  sutoewluit  w.  **r.  This  provides 
a  less  definitive  target  for  a  ahore-based  defender,  but 
a  larger  target  for  aircraft. 
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The  QEH  speed  will  bo  3  to  5  tlJdes  that  of  a  similar 
ship,  and  It  will  be  capable  of  faster  maneuvers  than  a 
ship.  This  will  make  It  a  nax‘der  target  for  both  ground 
and  air  defending  equlp.u3nt. 

It  Is  possible  and  desirable  to  configure  a  OEM  such 
that  the  lift  cushion  pressure  can  be  maintained  In  the 
event  of  damage  to  part  of  the  lift  structure.  Multiple 
power  plants  wltn  modular  oonatructlon  will  go  a  long  way 
to  providing  this  capability.  With  this  approach^  the  QBM 
will  not  be  as  vulnerable  as  a  similar  ship  to  a  direct 
hit  on  a  power  plant;  such  a  hit  on  a  ship  will  also  re¬ 
sult  In  severe  damage  to  the  hull  and  may  aiuk  the  ship, 
whereas  the  QVt  can  continue.  This  requires  that  the 
lift  system  be  guarded  by  aome  degree  of  axwor.  In  turn 
providing  an  additional  level  of  protection  to  the  person¬ 
nel  and  oarsco  In  the  event  of  fan-blade  failure. 

In  the  event  of  failure  of  the  lift  aysten,  due  to 
duub  penetration  or  severe  power-plant  damage,  an 
a'utlliary  power  source  can  still  provide  i.ater  mobility 
if  adequate  flotation  capability  is  designed  into  ths  QBN 
structure  at  the  start. 

In  addition,  the  (UM  is  not  vulnerable  to  toipedo 


a.taoic. 


Similarly i  the  OE*i  and  corresponding  truck  may  be 


compared: 


‘Phe  profile  of  QBt  and  truck  Mill  be  about  the 
same  if  the  QBN  has  to  carry  the  truck  load  and 
operate  on  truck  routes,  so  there  will  be  little  dif¬ 
ference  in  vulnerability  In  this  respect. 

When  operating  over  areas  where  a  truck  opera¬ 
tion  is  marginal  the  QIM  speed  and  maneuverability 
will  be  a  distinct  advantage  and  will  reduce  Its 
vulnerability.  However,  when  operating  over  truck 
routes,  the  QIM  speed  will  be  limited  to  truck  speeds 
and  no  difference  in  vulnerability  will  be  evident. 

Penetration  of  a  truck  tire  is  a  severe  dis¬ 
ability,  and  will  create  a  greater  loss  of  control 
than  r«netrttlon  of  the  of  a  properly  designed 
out. 

The  power  unit  and  personnel  compartments  are 
eq:ually  vulnerable  for  the  two  vehicles  and  require 
the  same  order  of  protection. 

Note  that  this  comparison  Is  a  little  different  if 
the  vehicle  choice  is  different  —  if  a  large  OIK  is 
ctioaen  to  replace  several  email  ar..  's  and/or  trucks, 
then  although  the  QIM  will  ^rate  faatar  than  the  shlpa 
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Of  these  areas,  the  llft>producing  system  requires 
particular  attention.  The  other  areas  can  be  designed 
with  normal  military  vehicle  protection  In  mind. 

H '  As  far  as  the  lilt  system  is  ccmcemed,  damage  pro¬ 
tection  la  needed  In  particular  for  the  lift  fan  and 
geaz'ng,  and  for  the  ducting  associated  with  producing 
the  sustaining  cushion. 

(8)  Field  Repairs 

Field  repairs  for  an  operational  OM  should  be  as 
straightforward  as  these  for  the  Army's  light  aircraft 
and  Jeeps,  consisting  primarily  of  replaceable  parts, 
with  the  minlm'.imi  of  actual  repair  work  to  be  done. 

Nodular  construction  methods  In  the  design  of  the  vehiole 
will  greatly  faellltate  this  aspect. 

(9)  (UK  Operation  in  Nine  Fields 

The  range  of  footprint  presaure  experleneed  with 
OWN  about  30  Ib/aq.  ft.  to  80  Ib/aq.  ft. j  the  likely 
aooustlo  over-all  sound  preaaure  levels  olose  to  the 
machine  are  in  the  order  of  110  db  to  ub  .e  .native  to 
.0002  dynee/em^;  other  features  of  OWa  may  also  be  im¬ 
portant  for  Initiation  of  mine  e.'tploaiona,  such  a;,  the 
'‘iiagnetlQ  anomaly*  signature  (Icee^  distortion  of  d-he 
earth's  ragnetio  field),  of  the  vehicle. 


Most  sea  mines  are  designed  to  explode  when  sub¬ 
jected  to  the  magnetics  acoustic  or  pressure  fields  of 
’’worthvrtille"  targets,  namely  vessels  of  5000-tons  dis¬ 
placement  or  greater.  It  Is  very  unlikely  thac  Ground 
Effect  Machines,  as  they  are  now  envisioned,  will  be  bull^ 
approaching  this  size.  In  addition  to  this,  the  effect 
of  a  mine  Is  dependent  largely  upon  transmission  of 
pressure  waves  through  the  water  to  reach  the  hull  of 
the  target  ship.  When  the  pressure  wave  reaches  the 
surface,  most  of  the  energy  is  dissipated  and  the  ef¬ 
fect  lessened  appreciably.  Since  a  QSl  will  operate 
clear  of  the  water  surface,  the  most  lethal  character¬ 
istic  of  sea  mines  cannot  be  utilized  and  the  GEN  will 
be  subject  to  the  secondary  characteristic  comprising  a 
column  of  watar  thrown  out  of- the  water.  This  may 
cause  some  damage  on  Impact  with  the  GEN. 

Land  mines  are  tailored  to  react  to  specific 
vehicles  that  are  worthtdiile  taz'gets.  The  size  of 
charge  and  the  sensitivity  of  the  detonating  mechanism 
are  dependent  on  the  desired  target.  Antipersonnel 
mines  are  small  and  very  eeneltlve,  whereas  antitank 
mines  are  lax'ge  and  can  be  walked  on  without  detonation. 
These  lulnea  are  sensitive  to  footprint  preseuree  u.d 
magnetic  anomalies  associated  wl  '*  the  desired  vehicles. 
Since  GEN  footprint  preas”.r':t  of  the  o.  '“r  of  50  to  80 


Ib/sq.  ft.  are  1/15  to  i/150  of  the  fixtpplrit  pressures 
of  conventional  land  vehicles,  and  since  the  QBM  struc¬ 
ture  Is  largely  aluminum  cokrared  to  the  predominantly 
steel  construction  of  a  tank  or  truck,  passage  of  a 
OEM  would  be  most  unlikely  to  detonate  conventional 
mines.  If  an  explosion  should  occur  near  a  OEM,  damage 
to  the  annular  jet  and  cushion  area  could  result,  but 
with  proper  design,  the  vehicle  should  still  be  able  to 
continue  Its  mission  before  field  repairs  are  necessary. 

(10)  Nuclear  Explosions 

The  combat  missions  that  require  operation  in  a 
nuclear  explosion  environment  present  a  numbsr  of  in¬ 
teresting  and  Dotentially  hasardous  problems,  to  operat¬ 
ing  personnel  and  vehicle  alike. 

1.  Radiation 

The  major  result  of  OEM  operation  in  a  radia¬ 
tion  environment  Is  the  Increased  local  density 
of  radlo-srtlve  particles  surrounding  the  OEM  while 
In  hover  or  at  low  forward  speeds,  due  to  the  re- 
ingestlon  phenomena.  This  will  cauco  a  continual 
recirculation  of  radio-active  particles,  intensi¬ 
fying  the  radio-active  field  surrounding  thi  ve- 
hicla  (a  iroal  "van  Allen"  hence  afferting 

the  personnel. 


The  same  ln''.re(iBe  In  Intensity  means  that  the 
compcnents  uomprising  the  OBM  lift  system  will  be 
subjected  to  a  greeter  radiation  intensity  than 
would  nomally  be  the  ease  with  other  vehicles « 
while  hovering  or  at  low  forward  speeds.  Those 
materials  that  are  subject  to  deterioration  in  a 
radiation  environment  must  be  chosen  with  this  in 
mind  in  the  design  stage «  or  subjected  to  more 
frequent  Inspection  in  operation. 

2.  Effect  of  Blast  and  Temperatures  in  a  Nuclear 

Combat  situation 

Effect  cf  nuclear  blast  depends  obviously  on 
the  magnitude  of  the  explosion  and  the  distance 
from  the  explosion.  The  first  observation  is  that 
since  the  OEM  is  essentially  frictionless  in  its 
motion  over  the  surface «  the  pressure  wave  of  a 
nuclear  blast  will  cause  an  impulsive  force  to 
act  on  the  OEM  which  will  send  it  skimming  over 
the  surface  in  the  direction  of  travel  of  the  blast 
wave.  Ssoondlyj  the  presence  of  an  approxlauite 
aerodynamic  shape  to  the  CUM  and  some  degree  of 
directional  stability  will  cause  the  OEM  to  face 
into  the  blast  wave  and  develop  high  aerodynemlo 
forces  which  will  pitoh  the  *ule  noee  up  or 
down  (depending  on  the  basic  stability  and  control 


of  the  OSH  end  the  trloned  condition)  and  prob> 
ably  contact  the  ground  and  becoiae  conpletely 
uncontrolled.  The  initial  poaltlve  pressure 
wave  Is  followed  by  &  negative  pressure  wave  of 
sisdlar  siagrltude  which  produces  relative 
velocities  at  the  OEM  in  the  opposite  direction 
to  further  aggravate  the  situation. 

The  positive  and  negative  pressure  magnitudes 
in  the  blast  wave  may  also  create  Intolerable  eon* 
dltlons  for  the  operating  personnel  In  the 
vehicle «  unless  the  rehlele  is  sealed  and  stressed 
to  prevent  rapid  pressure  fluctuations  in  the 
cabin.  This  is  oonon  to  all  manned  vehicles  in 
this  situation. 

Temperature  and  flash  effects  on  the  vehicle 
are  dependent  on  the  surface  finish  and  surface 
material  of  the  vehicle}  the  effects  on  personnel 
are  largely  dependent  on  whether  the  cabin  trans¬ 
parencies  would  permit  direct  rauis-ion  into  the 
cabin.  Transparent  materials  nave  recently  been 
developed  that  are  sensitive  to  light  intensity  in 
such  a  way  that  they  beooese  'nte  to  radiation  in 
the  viwial  and  infrared  frequency  ranges  in  frac¬ 
tions  of  a  second.  Theee  may  slleviate  the  trans¬ 
ient  effects  of  flash  and  tsmperatures. 


I*  (ll)  Loadablllty  of  GEMs  In  Marine  and  Amphibious 

There  are  distinct  limitations  on  the  sea  conditions 
In  which  a  cargo  ship  can  successfully  and  safely  unload 
Its  cargo  offshore*  arising  from  the  Inherent  pitch* 
heave  and  roll  characteristics  of  cargo  ships  In  dif¬ 
ferent  sea  states*  and  the  Inertia  characteristics  of 
cargo  pallets  suspended  from  unloading  hoists  and  cranes. 

Unloading  operations  uve  fairly  safe  up  to  wave 
heights  of  three  to  four  feet  and  become  hazardous  above 
sea  atates  of  six  to  eight  feet.  This  means  that  there 
la  no  advantage  In  designing  QENs*  for  this  type  of  oper*-- 
^  tlon*  that  can  perform  their  function  In  sea  states  greater 

than  4-1/2  to  6  feet*  until  the  stability  oharaoterlstlos 
of  cargo  ships  can  be  radically  Improved.  A  possible  al¬ 
ternative  Is  to  consider  a  loadiitg  and  unloading  opera¬ 
tion  underway  at  sea*  If  this  operating  condition  results 
in  appreciable  damping  of  the  ship  motion.  This*  however, 
requires  very  careful  Investigation  as  tc  Its  feasibility 
particularly  In  terms  of  adequate  meana  station  keep¬ 
ing  between  ship  and  QKN. 

4.  SUHWAIOf  OF  IKDUCBD  AND  COKBAT  El^/IROKiCIITS. 

The  elements  of  indue  3d  ^:.-2  combat  en>.  '^nments  discussed 
In  this  chapter  are  summarised  In  Tables  Id  and  19  following 

» 

"  this  page . 
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T  Me  18 

Induced  Environments 
S'  ^mmary  Data 


Noise 


Maximum  Overall  Noise  Level,  Relative  to  .0002  Millibar 

Location 

Acceptable 
(Air  Force} 

Experienced 

Expected 

Special 

Equipment 

Needed 

Inside 

Vehicle 

113 

HO  to  120 

80  to  85 

Bar  protection 
for  continuous 
use.  Telephony 
for  adequate 
operational 
functioning. 

Close  to 
Outside  of 
Vehicle 

113 

_ 1 

90  to  130 

>e  Combs*  Bnv 
(1 

_ 

80  to  120 

tronment  Sun 
able  19)  1 

imary  on  Noise 

Table  l8<Cont.) 
Vibratioud 


Acceptable  limlta.  for  Crew  Stations 

experience  to  date 

Frequency,  (cyclea  /aec . ) 

Amplitude  (in.) 

No  indicationa  that 
these  valuta  will  be 

1 

.02<h<2 

exceeded.  No  vibration 

10 

:0002<h<.02 

problema  ao  far. 

100 

.  00002  <h<,  0005 

Temperaturea  (maximum  valuta) 


Engine 

Combuation  Chamber  Area 

Exhaust  Area 

PtatoR 

240®  C  to  200®  C 

1000®  C  to  800®  C 

Jet 

200®  C  to  350®  C 

800®  C  to  850®  C 

Ixhauat  Oaaaa 


Engine 

Inert 

Toxic 

Water  end  Oxygen 

Platon 

77  per  cent 

8  to  18  per  sent 

17  to  5  per  cent 

Jet 

77  per  cent 

1.5  to  4.8  per  cc  tt 

21.5  to  18.4  V  r  cent 

Table  18  (Cont. 
Static  Electricity 


Typical  Accumulated 

Charge 

(volte) 

Stored  Energy 
LfveU 

(millijottlea) 

Energy  Level  for  Spark 

Ignition  of  JP-4 
(millijoules) 

300  to  400 

2  X  10  ^  to 

2  X  lO"^ 

0.2 

Effect  on  Pereonnel  Brldebna^ap 
Initial  current  level> -lethal 

Drope  below  lethal  level  within  Z  millloatbe  of  a  aee. 


SoUuiOTjojjUJProbleme^ofSj^lcjChjrij 

A  trailing  ground  contracting  conductor,  and  good  vehicle 
bonding  throughout. 


VieibUUy  Reduction 


Due  to: 

Conunenta 

Configuration 

No  worae  than  a  aai)<.  uauer  .than  an 
aircraft 

flight  end  Rad  Weather 

Uaaal  entutivsva  a;>plicabie 

Sur'^Cf  r^iaturbance 

1.  Forward  Speed 

No  ;,r-tblem  for..  ~^d,  upwarda,  or  aide, 
waye.  Some  obatructioni  by  aurlace 
material  towarda  rear. 

2.  Hover 

Seveto  ioaa  of  viaibxUty.  No  major 
problem,  aa  GEM  baaically  atable  and 
can  move  from  hover  location  under 
full  contact,  to  regain  vieibility. 

Table  L8  (Cone.  ) 
Accel'^ratuon  ancLShcck. 


Accslerationff  at.  OZ. 

li _ 

Ecngltudiziall 

-^  .  Zgi,  tsoi  -  ,  fg: 

! 

EatBbraE 

i 

1 

iWertixrar  (^peax;  )> 

t:  .  %  ttt-E  .  4® 

Stack; 


g^iarafcutg;  heiglit 


.  QZ  (wellurLs- 


Wave  Ibitgtki 


£  OD  x;  (fv;«liialbe  UsotgA;)* 


"5inuscdx£sC"  =;  E  S  x  (fapgas^iiggE  Haiglitj) 

Eq}ilvad3Bitt"gandbmiSbaI'  waBFcKgig^  =;  ^.GD3K(bss£at:mg;Raight}} 


1  0^«:2kditg;  Cant&tiaiieB 

i 

j  BRmmall 

!  Q^esatoii^S^seS 

i 

1 _ 

ITwixra?  BRirmaE 

J  G^wTratjaTg.  S^edS 

1 

iAt  BomK'  —  nir  i  m 

i 

t 

! 

1 

%  (T  tu.  E2  (B® 

I]i£tai2SCID® 

1  witit  immerBiom 

1 

f 

1 

&  iT  ttr  8a  3)  ® 

i  ijJ  bO)  lj5>  ® 

;  . 

jAt  Gentec  q£  Crawitr 

HEBSlE&Si 

1 

1  6f'  Or.  VZ  ® 

_  ^  • 

Table  18  (Cout.) 
Ingestion 


Material 

dloncentrations  and 
Particle  Sises 

Effect  on  LiftSy- 
k.'em  k  Propulsion 

Engines 

Dirt  and 
Sand 

0-80tt 

40-108U, 

105-20011. 

0.01  gtns/cu.  ft. 

Rotor  blade  and  in'- 
take  erosion,  with 
loss  in  efficiency 

Compressor  blade 
erosion,  up  to  10 
per  cent  power 
loss,  reduction  of 
surge  mai'ifLn,  high 
turbine  inlet  tem¬ 
peratures 

Large 
Particles 
k  Objects 

From  200m> 
through  1/4  diam- 
bolt  to  4  lb.  birds 

Blade  and  intake 
damage,  followed 
by  blade  failure 

Nicked,  dented, 
twisted  compressor 
blades,  damaged 
inlet  screen  lacing. 
Stripped  compres¬ 
sor  stages,  com¬ 
plete  failure.  Sub- 
sef|uent  fatter* 
to  damage . 

Ice 

1/2"  to  3"  diam. 
hailstones,  shaved 
Ice 

Intake  dauafs, 
little  or  no  blade 
damage 

Damaged  intake 
screens.  No  com¬ 
pressor  damsge, 

occssionel  flsme 
out 

Salt 

1  to  500|i 

>10  c.c. /min.  / 

engine 

Salt  incrustation 
with  loss  in  power 

Slight  erosion,  salt 
build  up,  power 
loaa,  Src  rise 

Water 

"SoUd"  or  "gr»*en" 

Destruction  of  fan 
blading .  bending 
of  prop  blading 

Fume  out,  inlet 
damage,  compree- 
Hor  damage 

Table  18  «.Coat.? 
Ingestion 


Material 

Effect  on  LiftSy- 
*.tem  81  Propulsion 

Engines 

Dirt  and 
Sand 

0-80ii 

40-i08Uj 

IOS-20O11. 

0.01  gma/cu.  ft. 

Rotor  blade  and  in'* 
take  erosion,  with 
loss  in  efficiency 

Compressor  blade 
erosion,  up  to  10 
per  cent  power 
loss,  reduction  of 
surge  margin,  high 
turbine  inlet  tem¬ 
peratures 

Large 
Particles 
k  Objects 

From  200t» 
through  1/4  diam . 
bolt  to  4  lb.  birds 

Blade  and  intake 
damage,  followed 
by  blade  failure 

Nicked,  dented, 
twisted  compressor 
bladee,  damaged 
inlet  screen  facing. 
Stripped  compres¬ 
sor  stages,  com¬ 
plete  failure.  Sub¬ 
sequent  failure  due 
to  damage. 

Ice 

1/a"  to  8"  diam. 
hailstones,  shaved 
ice 

Intake  damage, 
little  or  no  blade 

damage 

Damaged  intake 
screens.  No  com¬ 
pressor  damage, 
occasional  flame- 
out 

Salt 

8  to  S00|i 
>10  c.c. /roln. / 

engine 

Sait  Incrustation 
with  loss  in  power 

Slight  ^roeion.sait 
buiio  up,  power 
ioea,  SFC  rise 

Water 

"Solid"  or  "green" 

Oeatruction  of  fen 
blading,  banding 
of  proD  blading 

Flame  out,  inlet 
damage,  compres¬ 
sor  damage 

Table  18  (Cont.) 
Inie«£:ion  (Cont.) 


Methods  for  Combating  Effects 

GEM  Industry  Comments 

Deflectors 

Coatings 

\  No  indication  of  major 
/  problems  as  yet. 

Debris 

Guards 

Debris 

Guards 

Deflectors,  Coatings. 
Washdown.  Inhibitors. 

_ 

Indications  of  appreciable  salt 
build-up  in  lift  system  intake  and 
ducting. 

Snow  and  Ice  Accumulation 


Type 

Characteristic 

Problem 

Severity 

Solution 

l. 

Avcti'n.iiation  on 
static  vehicle  in 
snow  storm 

Removal 

As  for  exist¬ 
ing  transpor¬ 
tation  vehicles 
and  aircra^. 

Standard  de¬ 
icing  equip* 
ment.  snow 
removal 
equipment 

2. 

Icing  Si  forward 

speeds  in  snow 

eterme 

It 

‘I 

II 

1 

Operation  over 
water  in  subfreeaing 
temperatures 

II 

It 

_ 

More  severe 
than  (1)  or  (3) 

More  so¬ 
phisticated 
equipment, 
or  new  ap- 
pruachws . 

Tftb'w  19 

Combat  Environments 
Summary  Data 


I 


i 


I  ■  I  —  ^  I  «.  I  ■  .  I  II  ■■•^1— ii,.i  , 

Major  sound  prcssura  levels  at  scarce. 

Engines  (turbine  and  pist<»)  (12  log  (HP)  +  05)  ±  10  db 

Fans  4  to  6  blaae,  SO  to  ISO  HP  * 

per  fan.  HP  speed  <  1100  fps.  130  to  150  db 

Over-all  £iound  pressure  lovels.approx- 
iutately  1  j'ard  from  complete  vehicle. 


In  line  with  intakes  (propulsion, 
lift,  etc.) 

In  line  adth  exhaust 
Elsewhere 


110  to  130  db 
no  to  130  db 
90  to  no  db 


Appi'oximate  sphencol  spreading 
ttii' .auction  with  distance  from  vehicle. 


At  100  yds . 
loco  yds. 
10,000  yds. 

Ambient  noise  levels 


-  40  db 

-  CO  .'h 
«0db 


Jungle 

4C 

to 

So 

db 

Coast 

GC 

to 

$0 

db 

Qulst  residential 

TO 

to 

83 

db 

Noisy  commercial 

45 

tv 

8S 

d!> 

Heavy  traffic 

00 

ro 

100  iib 

'fable  I!>  (Co>it4 


i  Nbiae 

( 

Ap^ii  '.'vci  note  ^moq^heric 
attenuation  with  iMatuue 

100  yda. 
lOr''  :-d». 

10. 000  yda. 

1 - 

Frequency  (^pclea  per  aacopd^ 

LO 

'  LOO 

LOOO 

LO.QOO 

.asaio'j 
« .  9»  lO"* 
bOxiO 

l.T8xl0‘J 
aT.axio'^ 
STB  »  12'*^ 

aii.7xio"^ 

.^UTelO"* 

3i.a70jcL0"'* 

3L.2 

312 

3L20 

Sand  and  Dust 


Particle  Sise 
iinchoa  dlaiaetez^ 

leaded  GSM 
30  Ibs/aq.  foot. 

Heavily  loaded  GHM 

BO  Ibs/aq.  foot. 

OOS 

.01 

.050 

.10 

50 

Note: 

Mae. 

heifttt 

Max. 

diatance 

Max- 

hei^ 

Max.  ^ 

diatance 

3000 

lOOh 

2Sh 

ISh 

4ti 

b«Veb 

_ 

LOOh 

?Qh 

•’■O'iah 

2T-32h 

li-22h 

icle  operetlr. 

BOOH 

zaoh 

eob 

3Sh 

ISh 

r  ballot  >  fa 

L..-  — — —  — 

3100 

13(91 

42 ’'Bed 

34-5«h 

30>00b 

It 

_ 

Sttray  and  Miat 


Parucitt  Siae 
(Inohea  dtameterl 

?  -i^eiy  loadad  QB3B 

30  Iba/sq,  tool. 

_ _ _ 

Hesvtiy  loaded  CSsA 

80  Iha/eq.  fbe*. 

Mas. 

haiM>t 

— 

Max 

diatance 

— ' 

Max. 

iteiMtt 

dtaUAce 

005 

soon 

.* 

.  ■’Oh 

OOtti 

.010 

asob 

tOOh 

55011 

2?Qh 

.(»Q 

SON 

30>3tti 

lOOh 

C8  SOh  1 

.10 

29h 

2i-3Sh 

SON 

44>00h 

Note;  U  •  Qfperattnf  taaiglkt  -  f#*t 


19  {Cent.  / 
Radar  Reflectivity 


Likely  cross -sections  tor  GEMs 

I 

Vehicle  sizes 

Radar  cross-section  Csq.  ft.) 

5  ton 

5-10 

100  ton 

50-100 

Requirements  will  be  that  vehicle  rauar  ciODS-sectior.  be  niiiiiiijk^eu. 
This  is  achieved  by  careful  attention  to  configuration  details,  shaping, 
aspect;  by  shrouding  propellers  as  much  as  possible;  by  utilizing  coating 
media  capable  of  high  absorption  at  radar  frequencies. 


Infrared  Emanaticn 


_Q 

IR  radiation  -  Less  than  10  watts /sq.  cm.  at  100  yds.  in  wavelength 
range  3  to  14  microns  and  less  than  10~*^  watts  per  sq. 
cm.  at  lUU  yds.  in  wavelength  range  between  1.8  and, 
2.7  microns. 


Typical  requirements  are  those  for  Light  Observation  Aircraft 
Maximum  likely  radiation  intensity  at  vehicle  is  60  wntts/sq.  cm.  at  ex¬ 
haust  or  Jet  pipe  -  rapidly  reduced  and  dispersed  by  insulation,  structure 
and  .itmopohere . 


Vulnerability  (Relative) 


Ship 

Most  Vulnerable  V /  / / /  /  /  TTTI 


Trui 


Least  Vulnerable 


Tabic  19  (Cont.) 

Detnage  Protection 

Normal  (aircraft  or  any  vehicle)  plus  additional  for  lift  system. 


Field  Hei^irs 

Same  as  for  current  Army  vehicles,  facilitated  by  modular  con- 
struciion . 


Mine  Field  Operations 


Mine  Type 

GEM  Characteristics 

Effect  of  explosion  on  GEM 

PreBBure 

30  Ibs/sq.  ft. 
to  60  Ibs/sq.  ft. 

If  explosion  is  under  center 

of  vehicle  -  instantaneous 

increase  of  cushion  pressure, 

underside  damaged  by  shrap^ 

nel  >  probably  OK  to  continue . 

If  sAplcision  near  edge  -  dam¬ 
age  to  annular  Jet  ducting,  re¬ 
duction  in  efficient  operation, 
dama^  to  underside. 

Acoustic 

90  db  100  db 

Magnetic 

_ 1 

1 


1 

*- 


Table  19  (C ait.) 
Nuclear  Environment 


Environment 

Vehicle  * 

Radiation 

In  hover  - 

In  hover  - 

Intensified  radioactive 
field— more  protec¬ 
tion  required. 

\8  for  personnel- - 
more  careful  choice 
of  materials  or  more 
frequent  inspections. 

At  forward  speed  •• 

At  forward  speed  - 

As  for  other  vehicles 
of  comparable  speed. 

As  for  personnel. 

Blast  pressure 
wave 

Severe  pressure  fluctuations 
inside  vehicle,  unless  ade¬ 
quate  sealing  and  strength 
designed  into  cabin . 

Uncontrollable  vehicle 
motions  if  near  explo¬ 
sion,  may  result  in 
complete  destruction 
of  vehicle. 

Temperature  and 

rush 

Skin  burns,  blindness,  un¬ 
less  protected  from  high 
burst  intensities. 

Flash- -little  effect. 
Temperatures- -engine 
stalling,  fuel  fires. 

*■  These  are  predicated  on  vehicle  being  near  enough  to  explosion  for  the 
quoted  effects  to  occur. 


Loadability  at  Sea 

GEM  limited  to  design  operating  heights  of  4.:^  tc  P  feet,  until  safe 
unloading  capabilities  of  cargo  ships  arc  extended  to  greater  sea  states. 


IV.  EFFECTS  OP  SIZE  ANI;  OPERATIONAL 

HSCHISE" 


X  •  XA1X  AWi>U  V  X  XUAl 


The  previous  three  'Chapters  have  developed  in  detail 
the  environmental  conditions  throughout  the  world  with 
which  mllltarlly-acceptable  frroiand  Effect  Hachlnes  will 
have  to  be  con\patible.  Fifteen  classes  of  niabhlnes  have 
been  selected,  five  each  for  overland  operations, 
amphibious  operations,  and  mai'ine  operations,  purely  on 
the  basis  of  che  i-ange  of  environmental  conditions  to  be 
encountered,  without  I'egard  to  the  practicability  of  the 
resulting  machine. 

This  chapter  will  discuss  the  approximate  levels  or 
performance  that  would  be  typical  of  each  class  of  vehicle, 
bearing  in  mind  the  environmental  conditions.  Based  on 
this  infoimiatlon,  the  discussion  v;lll  then  indicate  which 
vehicles  appear  to  possess  the  greatest  relative  merit, 
when  considerlJig  vehicle  effectiveness  as  a  trancpui't, 
vehicle  utility  on  a  world-wide  basis,  and  vehicle 
vulnerability  in  a  combat  situation. 

2 .  DEVELOPMENT  OF  PE;lFORMANCE  PAHAHSTERB 

The  vehicle  characteriotxva  defined  b.>  ^he  cnviro.i- 
mental  studies 'are: 
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.  length 

.  width 

.  normal  operating  height  at  cruise 

.  maximum  hover  helgi.t  (jump  capability) 

.  slop.?  capability 

.  maximum  surface  wind  for  hover 

These  have  been  developed  in  Chapter  II  together  with  a 
determination  of  percentage  utilization,  end  are  listed 
In  Tables  11,  13,  and  15  following  pages  237,  267  and  283, 
respectively,  for  all  fifteen  classes  of  vehicles. 

The  performance  capabilities  of  each  vehicle  ir.  all 
three  classes  have  been  assessed,  using  the  following 
assumptions : 

>1)  Vehicle  Geometry 

.  Rectangular  planform 

.  Cushion  area  «  60  per  cent  of  planform  area 
( 2 )  Vahiole  Lift  System  and  Aerodynamic  Charaoteristios 

.  Drag  coefficient  -  .06  based  cn  cushion  area 

.  Operational  (Llft/Drag)  ratio  » 

1 /g  r  cushion  area  t 

'  annular  Jet  length  x  operating  hex  -TiC 

.  Stability  requires  an  au'^tlonal  15  par 


cent  of  lift  horsepower 


,  CuBhlon  preseure  «=  70  jJoundB  per  squere  foot 

.  Optimum  Jet  dlschai-ge  angles  and  nozzle 

wldtha 

.  Over-all  efficiency  of  duct  anJ  fan 
system  >  60  per  cent 

(3)  Vehicle  Power  Installation 

.  Installed  power  can  be  distributed  at 
will  betwewi  lift  and  propulsion  systems 
Maximua  continuous  power  •  90  per  cent 
of  total  Installed  power 

.  Over-all  pzx)pulsion  efficiency  ■  80  per  cent 

.  Specific  fuel  consuqption  at  maximum 
continuous  power  •>  0.7  pounds  per  hour 
per  brake  horsepower 

(4)  Vehicle  Weight  Distribution 

.  Structure  weight  -  20  po^lnds  per  scjuare 
foot  of  cushion  area 

.  Installed  power  plant  weight  ■•1.23  pounds 
per  brake  horsepower 

.  Equipment  weight  including  crew  «  10  per 
cent  of  maximum  gross  weight 


Ttie  evaluation  of  vehicle  prrformano..  '^as  utilizea 
simple  thin- Jet  momentum  ourtalri  theory  for  lift.  The 


determination  of  propulelon  powor  has  Included  the  effects 
of  momentum  drag.  With  the  above  asaunqptlons.,  no  attenqpt 
was  made  to  optimize  or  refine  any  aspect  of  the  vehicles. 

The  following  performance  parameters  have  been 
developed  for  each  class  of  vehicle: 


.  Weight  breakdown 

.  Total  Installed  power  required 

.  Speed  capaoilitles  at  maximum  power 

and  90  per  cent  of  maximum  powex*,  and  at 
normal  operating  height^  and  the  average  of 
normal  operating  height  and  maximum  hover  height 
.  Payload-range  charasterlstics,  with 

delivery  times 

These  parameters  are  given  in  Figures  l6>  Vj,  20,  and 
21  following  this  pa^a. 

3.  VmiCLa  gYALaATION  - 


4 


performance  analyses  it  is  possible  to  make  an  approximate 
assessment  of  the  relative  merit  cf  each  of  the  five 
vehicles  in  the  three  categories. 


Ihe  lisle  merit  of  each  vehicle  ...  iu  Its.eapabiUty 


as  a  transportation  device.  TuX  i  may  be  exp.,  ised  by  Its 


»Mai9A\  •■<M0  •■qi/dHa  p®n»»»wi 
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ca^jac.’ty  for  the  work  done  V/  a  given  ■income*  of  fuel.  The 
parameter  that  deacrlbea  this  feature  most  adequately  la 

’  Payload  x  Range  1 
Fuel  uaed  J 

and  la  in  ^aaenoe  a  aMasu^'e  of  *uaeful  work  done  per  pound 
of  fuel." 

A  coiaparlaon  of  all  fifteen  QBNa  ualng  thla  parameter 
would  aerve  to  Indicate  that  aome  vehlolea  are  better  than 
othera  aa  tranaportatlon  devlcea  In  the  environment  In  which 
they  have  been  olaaalfled.  Uowever>  the  fact  that  there  are 
dlfferencea  In  world-wide  uaefulneaa  for  the  different 
vehiclea  neana  that  the  tranaportatlon  effeotlvenoaa  aaMt 
be  oonaldered  together  with  the  world-wide  uaefulneaa. 

Further j  alnee  these  are  milltaxy  aaohinea..  their 
vulnerability  In  a  military  altuatlon  la  of  great  Impor- 
tanoe.  If  It  la  aaauaed  that  there  are  no  radloal 
dlfferenoes  In  design  philosophy  from  c  >  vehiele  to  anothar, 
and  that  tha  same  basic  atruot\pral  an^;:^anh  la  used,  then 
the  degiwM  of  damage  protection  must  be  about  tha  asms. 

Dlls  eliminates  tha  consideration  of  addltio.ial  proteetKm 
for  the  more  vulnerable  craft.  An  approximate  measure  of 
vulnerability,  satlafactory  for  relat.^ve  purposea,  la  to 
rank  vulnerability  pn^rtional  '’o  (  — alnoa  ih*i 
bigger  the  vehicle  the  easier  it  should  be  to  hit,  and  tha 
alower  It  goes  tha  easier  It  should  be  to  hit.  This 


approach  provides  a  good  means  fov  treasurJ-ig  uhe  relr.txve 
vulnerability  of  a  groip  of  v'.hlcles  and  i>as  been  used  on 
uie  following  pages. 

( 1 )  Overland  Veh^.olet. 

Figure  22  shows  the  three  parav~:erti  of 
transportation  effectiveness,  world>wide  utll5^, 
and  vulnerability,  for  the  five  classes  of  overland 
OEMs.  First,  as  a  result  of  factoring  the  effective¬ 
ness  by  the  utllltyj  it  appears  that  C’^aaea  TIT  and 
IV  offer  the  highest  potential  on  a  wc.4.a-wide  basis. 
Then  from  consideration  of  vulnerability.  Class  III 
would  seen  to  offer  the  best  over-all  capability. 

(2)  Aaphibioua  Vahiclea 

Aa  in  the  overland  vehlsla  oaaa.  Figure  23  shows 
the  three  paremetere.  Kffeotivaueas  and  utility 
combined  indicate  that  Claasas  IV'  and  V  offer  the 
beet  potentiel ■  Vith  vulnerablllcy  then  considered, 
Ciess  IV  eeMTgee  ee  the  vehicle  posaeesinf  t  le  beet 
over-all  military  capability  in  tie  erpr'llvi-.i.-*  field 
of  operationa. 

(3)  Warine  Vehiolee 

For  tJ»a  marine  vehicle,  offactivetu^a  and 
vulnerability  arc  relatlvv.'v  eaay  to  datarmlne. 
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..ae  open  sea  area.  The  data  have  been  averaged 

L*  * 

oetween  the  summer  and  winter  aeacons  with  a  loos  In 
accuracy  of  approximately  5  per  cent. 


From  consideration  of  effectiveness  and  utility, 
for  operations  in  the  open  ocean,  there  appears  to  be 
little  to  choose  from  between  Classes  III,  IV,  and  V. 
However,  vrhen  vulnerability  is  considered.  Class  III 
appears  to  offer  the  greatest  potential.  For  inland 
ei  '  coastal  wateirways,  no  clear  decision  can  be  made 
in  favor  of  either 'Clasp  I  or  II  since  they  both 
possess  the  same  effectiveness.  Class  II  has  a 
greater  annual  utilization  due  to  its  higher  operating 
height,  but  Class  I  is  less  'rable.ln  a  combat 
situation. 


Best  Available  Copy 


MOST  P3Er^?JL  I  IM06T  WLWBRA.BTJB  I  I  MOST  RFFL-CTIVi; 


Figure  2 


Maiine  GfJM 


Open  Orea-t  Area  UUHyiiilor  -  *^*«r  Cent 


4.  OPSRkTIONM.  PEATURcS  OP  MILITAFY  GROUND  EFFE  lACHm 

(.T)  Visibility 

As  discussed  in  the  Induced  and  Combat 
Emironraent  Sections,  vicibllity,  both  from 

vehicle,  and  of  the  vehicle  by  the  enemy,  pi  ;t3 

a  significant  problem.  The  extent  of  the  pr  em 

depends  mainly  on  the  terrain  over  which  the  ilole 

Is  operating. 

In  all  terrains  with  loose  surfaces,  ar  ver 

water,  means  are  required  to  reduce  the  extc  to 

which  particles  picked  up  by  the  air  curtail.  a 

projected  In  a  vertical  direction.  Several 

approaches  are  worthy  of  further  Inveatlgatl  and 

development;  among  these  are  particle  deflec  s, 

which  may  reault  in  aome  loas  of  performance  nd 

the  appllct.  .tn  of  recirculation  to  the  lift  stem, 

^Ich  appears  to  offar  ti^^ter  promise  since  in¬ 
creases  the  over-ell  vehicle  efficiency  sa  t  aa 

reducing  tho  particle  projection  problem. 

For  general  visibility  purposes,  windat  d 

cleaning  device*,  direot-vialo  window  panei  and 

other  features  hat  arc  coenon  praotJoe  in  t  rnTt 

and  chip  JkdSign  are  ..'"ectly  applicable  to  (  . 
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since  the  worst  conditions  of  both  c 


defensive  aspect-  of  visibility  arlc::  ir. 
cundltlon>  suriace  treatments  can  be  util 
provide:  a  complete  solution  on  a  long- ter 
where  operational  conditions  poiiult.  Har 
otabixlzati-n  of  the  terrain  by  chemical 
means  v;.'uld  provide  essentially  a  particJ 
for  regular  operations. 

(2)  Maneuverability 

Maneuverability  becomes  progressive] 
tarit  as  vehicles  are  considered  for  open 
amphibious  and  overland  envlronnentc . 

1 

For  the  marine  vehicle «  operatLng  p) 
large  expanses  of  water,  maneuverability 
become  a  prime  consideration  until  temli 
are  discuseed.  Here  it  would  appear  tha^ 
the  marine  configuration  and  design  cond: 
vide  a  "dloplacement- craft**  capability,  ‘ 
manauverablllty  can  be  attained. 

Ii«  the  amphibious  role,  a  degree  of 
craft**  aancivorabllity  would  be  advantagi 
more  deman'^lng  condition  arises  when  the 
cross  th*  tturf  .  'ne  and  stop  on  a  beach 
area.  A  careful  study  of  the  handling 

4 
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Since  the  worat  conditions  of  both  offensive  and 


♦ 


9 


defensive  asp3ot«  oT  visibility  arise  in  the  hovorlns 
condition j  surface  treatments  can  be  utilized  to 
provide  n  complete  eoTutlon  on  a  long-term  basis 
where  operational  conditions  poi'mlt.  Hardening  and 
stabillzativ-n  of  the  terrain  by  chemical  or  mechanical 
means  v/.'uld  provide  essentially  a  partlcle-fi’ee  surface 
for  regular  operations. 


(2)  Maneuverability 

Maneuverability  becomes  progressively  more  Impor- 
tarit  as  vehicles  are  considered  for  operation  in  marine^ 
amphibious  and  overland  environments. 

For  the  marine  vehicle^  operating  primarily  in 
large  expanses  or  wster^  msnc'iverablllt;^  doee  not 
become  a  prime  consideration  until  teminal  operations 
are  discussed.  Hare  it  would  appear  that  by  choosing 
v.he  Rvorlne  configuration  and  design  conditions  to  pro¬ 
vide  a  "displsc«an«.jt- craft"  capability,  the  required 
maneuverability  can  be  attalrted. 

In  the  amphibious  role,  a  degree  of  "ulsplacement- 
craft"  maneuverability  would  be  advantageous,  but  a 
more  demanding  condJtion  arises  whe’*  the  craft  haa  to 
crosa  IK‘*  burf  line  and  stop  s  beacn  a  limited 
area.  A  careful  study  of  the  haiwlling  and  control 
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characteristics  requlrei  for  such  t  maneuver  will 
probably  indicate  the  desirability  of  utilising 
skids,  wheels,  sc?  anchors,  reversible  pitch  air 
propellers,  or  a  number  of  other  devices  in  order  to 
provide  this  capability  for  stoppli^  suddenly.  In 
any  event,  the  craf ^  must  be  able  to  slow  down  to  a 
suitable  speed  for  negotiating  land  obstaolftauaB  soon 
f.hp  h*»«<jh  ia  appr^achec*. 

The  overland  vehicle  preaen^s  the  most  severe 
maneuvering  problem,  since  it  must  negotiate  areas 
which  have  pz>obably  not  been  cleared  with  OEQff 
operations  in  mind.  The  need  to  stop  rapidly,  to 
change  direction  and  to  accelerate  (}ulo)cly  are  all 
paramount  to  a  successful  overland  OEM  operation. 

The  approach  adopted  by  one  British  dusign  gixnip, 
that  of  providing  a  basic  QKf  design  with  a  half> 
track  system  fc  r  part  of  tha  time,  may  prove  to 
be  the  moat  practical  for  tha  overland  vehicle, 
further  consideration  of  aanauvarabllity  in  ovarland 
oparationa  la  raquirad. 

(3?  navigation 

Tha  basic  prinolpla  of  <q;>»^tion  of  a  QBII  a.Uces 
parvlcularly  wall  suited,  by  ov  *ir«st  to  normal 
surface  vehiolas,  for  travelXini  fr.)«  pwlnt-torpoint 


rapidly  with  cotuparati  ’ijly  little  r  egal’d  for  tne 
terrain  to  be  crossed.  Since  this  implies  that  the 
OEM  can  operate  i"  areas  where  routes  have  not  been 
previously  established  or  surveyed  adequate  navigation 
facilities  are  essential  to  their  operation.  In 
particular,  equipment  to  detect  the  presence  of 
obstructions  along  the  Intended  route,  such  as  trees, 
large  outcrops  of  rock,  banks,  heavy  surf  condltl-'ns, 
and  80  on,  will  be  required. 

(4)  ftccxuarulatlon  of  Surface  Material,  Snow  and  lee 

Daring  operations  over  surfaces  that  will  permit 
the  OEM  downwaah  to  dislodge  particles,  naioh  material 
will  be  returned  towards  the  machine  and  may  collect 
on  the  machine.  Prolonged  operation  will  result  in 
accumulation  in  all  the  crevices.  Intakes,  and  re¬ 
entrant  contours  of  the  machine,  resulting  in  a 
severe  servicing  problem.  XT  the  environment  la  one 
of  enow.  Ice  or  freetlng  rain  and  alat,  then 
collected  material  will  build-up,  addin*;  to  the  grose 
wvlght  of  the  machine,  and  impeding  efficient  opera¬ 
tion  of  tha  Hit  ayatem  anu  engines.  It  la,  tharefore, 
eeseiitlal  t>iat  the  maohlne  be  ocnflgured  to  ave'i 
locations  where  iocumulation  '  ta're  place.  In 
addition,  adequata  snow  I  lea  rem^  “I  equipment  must 
be  Installed  where  the  operational  situation  dMrnnds  It. 


Tlile  consist  of  execs:* Leal,  mechar.lcal,  themal 
or  pnexuiatlc  devices,  r.i  well  as  the  use  of  chemical 
sprays  on  the  surfauc. 

SPECIAL  FBATOBBS  AND  EODIPMEWT 

(1)  The  followings  features  and  cqulpmexit  are  common 
to  all  vehicles  In  every  class: 

Keating  and  alr>-condltionlng  for  crew  and 
cargo  compartments  In  Arctic  or  tropic  areas. 

Shock  and  vibration  Isolation  throughout 
the  structure. 

Sand,  dust  and  spray  intake  screens  or 
deflectors  over  engine  and  lift  ayaten 
Intakes. 

Engine  boost  uapiblllty  for  tropical 
oondltlona . 

(2)  riitt  following  apeoUl  teaturea  are  comskon  to 
marine  and  amphibious  vthlolea: 

Cushion  edges  around  outemoat  vahloxo 
perlMter.  for  structural  prvtaeticn 
loading  and  unloading  ;  wharves  or  along- 


Antl-corro8ion  treataent  for  “he  structure 
chs  powerplantsj  and  the  lift  system,  to 
permit  sustained  operation  in  salt  water 
areas  arr?  tn-plcal  areas. 

FloLatior  '.apabllity  for  water  handling, 
and  for  safety  In  the  evei^t  uf  power 
failure. 

Wheeled  bott<»i  for  ground  handling. 

Strengthened  bottom  to  resist  Impact  with 
coral  and  rocks. 

Kyd'.ophobl'!  treatment  on  beaching  surfaoaa 
such  aa  alclda,  to  provide  long  aervice 
life  for  thaae  oompments, 

(3)  The  followlJWK  spaolal  features  are  common  to 
amphibious  and  overland  vehlolea: 

Katrsrtable  logs  to  support  vehicle  above 
rocky  terrain,  trtten  power  is  abut  down. 

Bros loo-rea is tent  aoatlnga  In  the  lift  and 
propulsion  tystamo,  particularly  in  thr 
Intake  regions  and  on  *->10  first  stage 
blades. 


Potfer  boost  for  Juop  capability  rather 
than  excessive  Installed  power  required 
for  this  capability. 

(4)  The  following  special  features  are  required  by 
overlimd  vehicles: 

Anti-corrosion  treatment  for  ti'oplcal 
operations. 

6.  SUWOUOf  OP  OPERATIOKAL  FftATlOlKS 

The  15  classes  of  vehicles,  their  required  operating 
conu,.tlons,  utility,  special  equipment  and  other  features  of 
interest,  are  summarised  in  Tables  and  ‘<^1  following 
this  page. 


Xmhtm  it, 

cl  MUtlary  CfcU  Ctiarseuri  iMic* 


Sp«ct«l  PMturcs  knd  Equipment 


Et-o4ioR-r«si»U>nt  cc«lip.;2»  m  the  tilt  nn  i  propulsion  sybtc 
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